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Portable All-Band World Receiver 
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Realistic DX-440. Tune into international news, views and entertainment from all over the 
world! This exciting “Voice Of The World’ receiver features PLL synthesized circuitry which locks 
onto exact frequency so you can enjoy drift-free reception from around the globe. Receives FM 
stereo and full AM (150-29,999 KHz) including longwave, mediumwave and SW bands. Simply 
punch in any frequency with the direct-entry keys or use the 9-station memory for even faster 
access! Features automatic and manual scanning modes to locate any station on the air. With 
built-in monaural speaker, LCD quartz clock with timer, telescoping aerial and headphone 


socket. Requires 2 “AA” and 6 “C" batteries or AC/DC adapter. 
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Tunes You Into A World Of Better Listening 


Over 400 Tandy Stores And Dealers Nationwide. 
Prices may vary at Dealers. Offers subject to availability. 








Tandy, Tandy Centre, Leamore Lane, Bloxwich, Walsall, West Midlands, WS2 7PS. 
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LIGHT METAL EFFECTS by Robert Penfold .............ccccccsescseeeeeeeeeee 
You don't need to be a weight watching musical heavy to 
ring modulations from this toned-up music modifying 
module. 


WEATHER CENTRE — PART TWO by John Becker .................cecceeee 
This month Ed helps to keep your feet dry by providing 

an automatic indoor monitor for the weather detecting 

circuits. 


INGENUITY UNLIMITED by Enthusiastic Readers ................0.0000. 
More novel circuit ideas to keep your brains and hands 

active — a Spectrum Hardware Restart and Rom Select 

circuit, a High Reliability Pulse Feeder, and a Stereo 
Grannyphone Interface. 


TEACHER COUNTER By THM: PIKG oi aiicpccispccts ceed scsecdeesacscesaveckerdenotecs 
Logic plays an eventful part in any digital counting circuit 
and Boolean gates open up golden opportunies for GCSE 


students. 
SPECIAL FEATURES 


SATELLITES — PART TWO by Mike Sanders .0.......ccccccccsscccccceeeeeeeeee 19 
Revealing how Spade work broadens the signalling scope 

for satellites carrying irregular communications, and how 

Intelsat V benefits from multiple capacity. 

BIO-CHROMATIC ELECTRONICS by Zola McMalcolm ................:. 34 
Interdisciplinary cooperation plays an ever growing role, 

particularly in the development of cellular memory 

| devices that may represent the route to intelligent 

computers. 

/ SEMICONDUCTORS - PART FIVE by as ditaw Armstrong .......0 48 
Armed with a strong desire to share his enthusiasm 

Andrew looks at what he believes to be the most 

interesting area of discrete semiconductors — power 

|mosfets. 
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NEXT MONTH... 


SPRING HAS SPRUNG AND SO HAVE WE TO BRING YOU -— 


MAINS MODEM e SPEECH PROCESSING eINTELSAT VI AND BEYOND 
@ DAT — THE REALITIES e MOSFET APPLICATIONS e CONSUMER 
ELECTRONICS REPORT e@ AND OTHER TOP LINE FEATURES WILL 
BLOSSOM FORTHe 


DON'T LET THE GRASS GROW UNDER YOUR FEET 
BY MISSING THE PE MAY 1988 ISSUE 
ON SALE FROM FRIDAY APRIL 8TH 





THE SCIENCE MAGAZINE FOR SERIOUS ELECTRONICS ENTHUSIASTS 
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NEWS AND MARKET PLACE 
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We have recently rn , iE 


ca ctieg catalogues and 
literature: © oo 


: Sansui, who are a leuing of the Hi Fi Markets Loup: have 
i Collection’, detailing their — 


issued a booklet, ‘The S 


- consumer audio-video products. ‘These include amplifiers, 
tuners, equalisers, cd players, cassette decks, speakers, 


turntables, and a range of video equipment. Sansui Electronics 
UK Ltd, Axis 4, Rieder Nas) Ri house ee WD2 4YW. 0923 
228584. |. 


_ Versactec have published a new a dase called 


_ ‘Electrostatic Plotting — the choice in wide format graphics — 
output’. Its intention is to help sers select the most suitable | 


electrostatic printer-plotter by providing information on colour 
and monochrome plotting widths. Versatec Electronics Ltd, 5 
Oxford Road, _ Newbury, Berks, RG13 1QD. 0635 517200. 
Audiokits have announced their most ‘comprehensive 
‘component notes and : 
Coded ACN, ' 
Se 


and audio manufacturers. 
wailable free to the trade, but 
n-trade constructors. Audiokits 
ee Borrowash, Perky, DE7 


| snidiond brochure outlining 
| cessories, including plugs, 
Their products appear to 


nyone interested should _ 
use, Lissadel Street, Salford, — 


u lines the widest selection _ 


ronics distributor in 


n’ ttery Group, STC Electronic _ 
, arlow Essex, i 2DF- 0279 


Services, Edinburgh Way, 
626777. |. 





EXCLUSIVE! 
IN THE NEXT 
ISSUE OF PE 


LATEST on the US Elec- 
tronics and Technology scene 
with a special report from 


THE CONSUMER ELECTRONICS 
SHOW IN LAS VEGAS 
BY DR WAYNE GREEN 
Well known US Author, Publisher (Founder of over 
50 Computer Technology Magazines including 
Byte, MicroComputing, and 73) and currently 


Vice-Presidential Candidate. 
READ IT IN THE MAY ISSUE! 


f audio quality capacitors for — 





Hand Held Boxes 


Gee electronic case ranges, 
designed exclusively for 
development and production of 


hand-held portables have been 
launched by West Hyde, the 


Aylesbury based enclosures 


company. The growing market 
for pocket sized, hand-held 
equipment has led to the 
development of two extremely 
versatile ranges from one of the 
UK’s leading enclosures 
companies. Named Tinos and 
Elos, these low-cost (from £1.44) 
cases are available in a total of 
nine different sizes and in a light 
grey and black abs. 

The Tinos range have on one 





Solder Feeder 


le-ProductionTools Ltd, the 

Westcliff-on-Sea soldering 
specialists are now marketing a 
new Swedish solder feeder 
device. 

The feeder can be attached to 
any pencil iron and the feed tube 
adjusted to ensure that the 
solder is fed directly on to the 
soldering tip. Solder is wound on 
to a cassette, which is attached 
to the reverse end of the device, 
and is then fed by advancing a 
knurled wheel with the index 
finger. It is suitable for left or 
right hand use. 

The solder feeder is a useful 
third hand when objects have to 
be held in position while 
soldering; it also alleviates 
problems caused by operators 
continually handling high lead 
content solder. The price is £10 
plus VAT. 

Contact:Tele-Production Tools 
Ltd, Stiron House, Electric 
Avenue, Westcliff-on-Sea, Essex 
SSO 9NW. Tel: 0702 352719. 





side a textured finish to provide 
a firmer grip, also a battery 
compartment for PP3 9V 
batteries and rounded corners 
throughout. One model in the 
range even has a moulded pocket 
clip. 

The Elos, while being the 
more general purpose range and 
without a battery compartment, 
carries as standard moulded pads 
to provide a base for a pcb and 
sub-chassis mounting. 

All case sizes are now available 
ex-stock. 

Contact: West Hyde 
Developments Ltd, 9-10 Park 
Street Industrial Estate, 
Aylesbury, Bucks, HP20 1ET. 
Tel: (0296) 20441. 


Big Brother Speaks 


fy. Picea the Sth 1987 saw 
the launch of a new addition 
to the JBL Control Series 
loudspeaker range. The Control 
5 is the new big brother to the 
well established Control One 
system that has been massively 
successful in many market areas. 

The JBL Control 5 is 
immediately available and 
measures a very compact 15 x 10 
x 9 inches. It is capable of 
handling 175W with usable 
output down to 50Hz. With this 
power handling, each Control 5 
can generate over 114dB SPL 
(1m). 

The drive units have been 
specifically developed for this 
project. The HFis a pure titanium 
driver which has added 
protection built into the dividing 
network to minimise damage 
caused by overdriving and errant 
amplification. The bass driver 
has been designed for low 
distortion performance even at 
very high levels. 

The Control Five is designed 
with ease and flexibility of 
installation as a primary feature, 
and a pair of them cost just £279 
including VAT. 

Contact: Harman (Audio) UK 
Ltd, Mill Street, Slough, Berks 
SL2 5DD. Tel: 0753 76911. 
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Homescanner 


pope are launching two 
new products to help protect 


you and your home under their 
Homescan banner. 

Increasingly, the public is 
concerned about that which 
Crime Prevention Officers call 
“Access Control”, that is, 
monitoring exactly who comes 
into the home and why. Security 
consciousness is on the increase 
— and this is welcomed by the 
authorities. In the last six years 
consumer spending on security 
has rinse from £84 million to £175 
million. 

Ferguson is introducing two 
access control systems, both of 
which can be easily installed, in 
a couple of hours, by anyone 
competent in diy. 

One system, the FHS1 
comprises a video camera and 
control unit, which are capable 
of operating in total darkness. 

The camera is mounted by the 
front door and the picture of the 
caller is fed through to a 
designated channel on a domestic 
television which gives one-way 
audio visual communication. By 
wiring the control through the 
doorbell system, an audible 


Digit Control 


OW would you like to be 

able to control ALL your 
heating, lighting, machinery, air 
conditioning, in fact anything 
that depends on electrical energy 
from one mobile control point? 
An expensive pipe dream? Not 
anymore. Anew mains signalling 
system has been launched at a 
cost that should bring easy 
energy saving and security within 
the reach of even the smallest 
business. 

The Emlux MS System, as it is 
called, uses state-of-the-art 
electronics throughout, but is 
designed to operate in a 
straightforward, uncomplicated 
way and brings ultra modern 
energy management techniques 
under finger tip control. 

The command signals are 
transmitted along existing 
standard 240 volt supply cables 
which means that the costly and 
often inconvenient installation 
of dedicated wiring is avoided. In 





alarm will interrupt any tv 
programme being watched to 
inform the viewer to switch to 
the appropriate channel to see 
and hear the caller. 

The other system, the FHS2, 
comprises a video camera 
mounted in a unit including a bell 
push, microphone and speaker, 
and a separate dedicated video 
monitor/control unit, both with 
wall-mount brackets. Once 
again, the camera can work in 
total darkness and also offers 
two-way audio communication, 
(a useful benefit for the blind and 
disabled). An electric door lock 
can be released by pressing a 
button on the monitor unit after 
the visitor has identified himself, 
and a led indicator shows when 
the door is open, or unlocked. 

Two cameras can be linked up 
to the video monitor to give 
access control at the front and 
back doors or one can be used 
indoors for baby minding. 

The FHS1 costs around £449, 
and the FHS2 about £749. 


Contact: Anne Waterman, 
Ferguson Ltd, Cambridge 
House, Great Cambridge Road, 
Enfield, Middx. EN1 IND. 


fact, installation couldn't be 
simpler since all that is necessary 
is the plugging in of the command 
module to a standard 13 amp 
socket. The most junior 
employee can operate the 
system, since the touch of a 
button is all that is needed to set 
it into motion. Inclusion of the 
proven Emlux patented Filter as 
an integral part of the system 
ensures that all commands 
generated are contained within 
the premises. 

The basic starter pack, which 
comprises one console, four 
slave modules (2 plug-in, 2 
wire-in) and one filter, sells for 
less than £300. Extra slaves can 
be supplied at about £35 each. In 
addition to the basic MS 
controller, a programmable 
clock controller is available to 
provide automatic control. 

Contact: Emlux Ltd, Industrial 
Estate, Black Bourton Road, 
Carterton, Oxford, OX8 3EZ. 
Tel: 0993 841574. 
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COUNTDOWN 


If you are organising any event to do with electronics, big or 
small, drop us a line — we shall be glad to include it here. 


NOTE: Some events listed here may be trade or restricted 
category only. Also, we cannot guarantee information accuracy, 
so check details with the organisers before setting out. 


Regular courses for R.A.E., and also for Morse. Grafton Radio 
Society, Elizabeth Garrett Anderson School, Riseing Hill 
Street, London NI1. 


Regular weekly courses for Radio Amateurs Exam (C8G 765). 
Tuesdays 7.30 to 9.30. Hendon College, Corner Mead, 
Grahame Park, Colindale, London NW8 SRA. Tel: 01-200 
8300. 


Mar 20. Pontefract and District Amateur Radio Society annual 
components fair and boot sale. Carlton Community Centre, 
Carlton, Pontefract. 0977 43101. (Good luck you enterprising 
lads! Ed.) 

Mar 22-24. Internepcon Production Show and Conference, 
plus Electro Optics and Laser UK. National Exhibition Centre, 
Birmingham. 


Mar 29-30. Instrumentation Harrowgate. Trade only. 
Harrowgate Exhibition Centre, Harrowgate, N. Yorks. 0822 


4671. 


Apr 12-14. Scottish Computer Show. Scottish Exhibition 


Centre. Glasgow. 


Apr 13-14. 
Cambridge. 0799 26699. 


Laboratory Cambridge. 


Kelsey Kerridge, 


Apr 26-28. British Electronics Week 88. Olympia. 0799 26699. 


Frame Foam 


ybar Electronics have 

introduced cut-to-size 
conductive foam for its range of 
printed circuit board assembly 
holders. The foam can be 
supplied with new units or 
retrofitted to existing units 
enabling the safe handling of 
static sensitive components. 

Pull spare parts, such as 
springs, bearings, clips and 
additional rails are also available 
from stock. 

Contact: Wybar Electronics, 
Unit M, Portway Industrial 
Estate, Andover SP10 3LU. Tel: 
0264 51347/8. 


Damp Heat 


S olex, the sole UK representa- 
tive for the Soar range of test 
and measuring equipment, has 
recently launched the HT-150 
multifunction module that 
measures temperature and 
humidity simultaneously. 

The unit is ideal for panel 
mounting and has a high 
resolution, °C or °F selectable, 
large liquid crystal display. In 
addition to the basic functions, it 
provides a hi-lo alarm, max-min 


record and discomfort index 
display functions. Simultaneous 
data signal outputs of both 
temperature and humidity allow 
the unit to be used in connection 
with external devices such as 
controllers and printers. 

External long probes up to 
100m maximum for remote 
control of both humidity and 
temperature are available as an 
optional extra for various kinds 
of applications. 

Contact: Solex International, 
95 Main Street, Broughton 
Astley, Leicestershire LE9 6RD. 
Tel: 0455 283486. 








Boxing Clever 


ncore Enclosures are 

marketing an enclosure 
system developed as a result of a 
suggestion from a lecturer at 
Bath University for a make-it- 
yourself, easy-to-assemble box 
since one of the most difficult 
tasks of a student project is to 
find an enclosure which is 
inexpensive, the correct size and 
looks professional. 

Encore supply plastic sheets 
and sections, together with 
construction details, which can 
be used to make any particular 
design. The individual pieces 
occupy little space, an advantage 
if stocked for future 
requirements. 

The system is relatively 
forgiving of mistakes in 





Young Electronic Engineers 
Awarded 


aul Dagley-Morris (left) and 
Roger Lucas (right), two 

sixteen-year-old pupils at 
Cheltenham College, are seen 
with their animal trauma meter, 
which gained them and the 
school third place in this year’s 
Young Engineers for Britain 
competition, sponsored by the 
National Engineering Council. 

Although the trauma meter is 
designed for measuring shock-in 
animals, ‘patient’ Dusty seems in 
relaxed mood here. In the centre 
is Vet Mike Daley, whose practice 
gave encouragement and support 
to the two young electronic 
engineers in the design of this 
device, the first of its type. 

Contact: PRB Public Relations 
and Marketing Ltd, 3 Wolseley 
Terrace, Cheltenham GL50 
1TH. Tel: 0242 510760. 
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construction as all the raw edges 
are covered up and a generous 
tolerance allowed for the fitting. 
To change the position of a 
misplaced cutout, at worst you 
only have to change one panel. 
The more complex the structure, 
the greater the financial 
advantages. 

For the faint-hearted, or those 
who have more important things 
to do with their time, Encore 
now offer to build to anyone’s 
enclosure design (even an 
one-off) at prices below what 
they would probably pay for a 
standard enclosure. 


Contact: Encore Enclosures, 
Unit 3, Willand Industrial Estate, 
Cullompton, Devon EX15 2QW. 
Tel: 0884 820955. 


Young Radio Amateur Awards 


nybody under the age of 18 

who has made waves in the 
world of amateur radio should 
enter the Young Amateur of the 
Year Award now. 

The award, sponsored by the 
Department of Trade and 
Industry as part of the 75th 
anniversary celebrations of the 
Radio Society of Great Britain, 
is designed to increase awareness 
of amateur radio amongst young 
people and highlight the skills 
and benefits that participation in 
this unique activity can bring. 

The £250 prize will be awarded 
to the person judged to have 
made an individual contribution 
of outstanding merit (between 1 
April 1987 and 31 March 1988) 
in any area of amateur radio. This 
might include technical 
innovation, exceptional 
operating skills, success in 
promoting amateur radio to a 
wider audience, the fostering of 
international goodwill, social 
work for the handicapped or 
emergency communications. It is 
hoped that the prizegiving will 
take place at the RSGB’s national 
convention in July 1988. 

The winner will also spend a 
day with the Department’s 
Radiocommunications Division 


learning at first-hand about the 
varied work of the Department 
in the radio field. 

The award is open to any 
resident (who need not be a 
current holder of the Amateur 
Radio Licence) of the UK, the 
Channel Islands or the Isle of 
Man who has not reached his or 
her 18th birthday by the closing 
date. 

Applications or nominations 
must be sent to The Secretary, 
RSGB,Lambda House, 
Cranborne Road, Potters Bar, 
EN6 3JE. The closing date is 31 
March 1988. 


Bristol Maplinised 


Meee Electronics, have 
announced the opening of 
their latest shop, situated close 
to Bristol city centre, at 302 
Gloucester Road, Telephone 
0272 232014. 

In formerly opening the new 
shop, Brian Lodge, Director of 
the Department of Industry 
South-West Region, said that 
many local electronic enthusiasts 
would welcome the arrival of a 
new Maplin store in Bristol, as 
many youngsters find positions 
in local companies which are 
heavily involved in electronics. 
Brian Lodge congratulated 
Maplin on the range of products 
on show together with the highly 
professional appearance of the 
store. He hoped that Maplin 
would continue to source as 
much material as possible from 
UK-based manufacturers. He 
wished all concerned every 
success. 


CHIP COUNT! 


segments. (ML) 


FXD580 series of Ferroxdure materials for permanent 
magnets in de motors. The FXD500 has typical 
remanence and coercivity values of 385mTand 360kAm 
respectively. The FXD520 has equivalent values of 
425mT and 260kAm. (ML). 


HA19213NT. Low power monolithic 7-bit flash ADC. 
Typical power dissipation 250mW, conversion rate 30 


msps. (HT). 


LM282XF. LCD 640 x 400 dot display with built in cold 
lamp backlighting, 
lifetime and superior visual performance. (HT). 
PLC473. The first Mullard erasable pld. Manufactured 
in cmos, it features uv erasability and demands much 
less power than its bipolar equivalents. (ML). 


fluorescent 


Manufacturers, and contact telephone numbers: 


(HT) Hitachi Electronic Components UK Ltd, 21 Upton 
Road, Watford, Herts, WD1 7TB. 0923 246488. 

(ML) Mullard Ltd, Mullard House, Torrington Place, 
London WCIE 7HD. 01 580 6633. 


This month’s list of new component details received — 
mainly chips, but other items may be included. 


83C43. 8-bit microcontroller with 4K bytes of ram, 128 
bytes of rom and an on-chip Icd driver supporting four 
backplanes at a maximum driving capacity of 96 


Kent Cider Flows 


| Stora flowmeters 
are being used for metering 
cider and apple juice transfer to 
road tankers at Symonds’ plant 
in Stoke Lacey. The signal output 
from the flowmeters is taken to 
a local display unit to show the 
quantity of cider transferred. As 
this can amount to approximately 
25,000 litres per load, it is 
essential to have accurate 
flowmetering. 

Pasteurisation in the process 
plant is monitored and controlled 
by Kent instruments, circular 
chart recorders and control 
units, while conductivity cells 
allow the monitoring of caustic 
concentrations during cleaning 
processes and electrodes are 
used in the laboratory for sample 
analysis. 

Symonds’ have been producing 
premium quality ciders since 
1727. The plant at Stoke Lacey, 
Herefordshire, has been 
dramatically expanded and 
modernised over the last three 
years and is now one of the 
largest and most modern cider 
production units in Europe. The 
company specialises in producing 
high quality ciders and perry and 
combines the latest production 
technology with traditional 
methods. 

Successful operation of the 
processing plant depends on the 
quality of the Kent 
instrumentation used. 

Contact: Kent Industrial 
Measurements Ltd, Oldends 
Lane, Stonehouse, 
Gloucestershire GL10 3TA. Tel: 
(045 382) 6661. 
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Snap, No Crackle 


ho SNAP (sustained 
necessary applied pressure) 
has now been successfully 
evaluated to meet environmental 
classifications and provides gas 
tight contact between conductors 
on rigid circuit boards and tape 
cable or custom designed flexible 
circuits. 

The new design has a number 
of advantages over conventional 
IDC and permits its use in many 
applications at lower cost. The 
combination of SNAP and 
production runs of pcbs provides 
a material cost saving since the 
mounting site does not require 
through-hole plating or mating 
connectors. It also has a greater 
intrinsic reliability than IDC due 
to its single interface between 
flex and rigid circuit. IDC would 
require three interfaces to make 
an equivalent connection. 

The SNAP system is available 
as a single unit capable of 20 or 
40 connection lines per 25 mm. 

Contact: Dowty Interconnect, 
Knaves Beech Business Centre, 
Loudwater, High Wycombe, 
Bucks HP10 9UT, Tel: 0628 
810810. 





CD-ROMPS On 


ritain’s leading compact 

disc manufacturer, Nimbus 
Records, has completed the first 
commercial production of a 
cd-rom. The disc, commissioned 
by Clarinet Systems Limited for 
distribution to the international 
oil community, features a digital 
cartographic database of the 
world. It marks yet another first 
for Nimbus in technological 
achievement. 

With the capacity to store up 
to 200,000 pages of text or 1,500 
floppy discs, cd-rom (compact 
disc read only memory) is the 
latest means of storing vast 
amounts of data om a world 
standard optical storage medium. 

The cd-rom manufactured by 
Nimbus holds 550 Mbytes of 
mapping data and runs on a PC 


NEWS AND MARKET PLACE 
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linked to a plotter. While three 
scales and two projections are 
published on the disc, the 
software allows the user to zoom 
in and out with a choice of 26 
projections. 

The software supplied by 
Clarinet means that the user can 
distinguish specific geographical 
regions, cities or landmarks, 
highlighted by a colour display of 
distinctive boundaries and 
geographical features. Using a 
large scale or PC plotter, a full 
colour plot can then be 
displayed. Stephen Scholefield 
of Clarinet commented on the 
production of the disc: “Nimbus 
offered us a very quick 
turnaround time combined with 
extremely fast and efficient 
service.” 

Emil Dudek, cd-rom manager 
at Nimbus said that they are 
delighted to have reached the 
position where they can now 
offer a complete cd-rom 
manufacturing service. While 
this first disc is a combination of 
text and graphics, the versatility 
of cd-rom in other areas of 
storage such as audio-visual data 
is not being overlooked. Nimbus 
are committed to technological 
development and are determined 
to forge ahead with exciting new 
applications of compact disc. 

Contact: Emil Dudek, Nimbus 
Records. Tel: (0600) 890 682. 
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Cool Sip-Zip 
f you are using integrated 
circuits encased in single or 

zig-zag in-line plastic packages, 

then you will be interested to 
learn about Thermalloy’s latest 

6380 Series heatsinks which are 

designed for both sip and zip, 

providing heat dissipation up to 
the 10-15W range. 

The series is fitted with 
standard solderable roll pins, but 
users can also specify these with 
stand-off shoulders. There are 
several labour saving mounting 
options. The heatsinks can be 
screw mounted, using the 
pre-drilled device tab, or 
supplied with self-clinching 
fasteners or threaded studs. The 
TO220 case style devices is also 
available with a slotted hole 
pattern for mounting with a 
secondary clip. 

Contact: MCP Electronics 
Ltd, 26-32 Rosemont Road, 
Alperton, Wembley, Middx HAO 
4QY. Tel: 01 902 1191. 


Snow Track 


kiers unfortunate enough to 

be buried by an avalanche 
may no longer be dependent 
upon rescue teams using tracker 
dogs and long metal probes. A 
Swiss firm, Asulab SA, has filed 
a European patent application 
(EP 0 172 445) for a radio 
activated location indicator 
device. 

The proposed solution is for 
everyone at risk to wear a 
bracelet, like a watch strap, in 
which is a passive transceiver. It 
has an aerial made of metal foil, 
but needs neither batteries nora 


Track Pack 


I Tass PC, a low cost but 
professional pcb design 
package for IBM PCs and 
compatibles is now available 
from Linear Graphics Ltd. 

It costs £160 plus VAT, but 
offers many features that are 
normally only offered on very 
much more expensive packages. 
Components can be placed using 
a 10 thou grid on double-sided 
boards up to 19 ins x 20 ins 
allowing maximum flexibility. 

The user is provided with 
powerful editing features that 
allow any group of items (each 
item is a pad or section of track) 
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Firelight 


hotain Controls are now 

manufacturing a new smoke 
detection unit which operates on 
the light scattering principle. 

The unit comprises a white 
circular plastic housing which is 
normally fitted on the ceiling and 
contains an infra red light source 
which is pulsed and thereby 
produces a beam of invisible 
light. When smoke enters the 
unit through the special inlet 
holes the smoke scatters the 
beam which is then reflected on 
to the photocell. The photocell 
passes this information to an 
evaluation circuit within the unit 
which measures the amount of 
light received and compares it to 
a reference. The unit is triggered 
into an alarm state when the 
amount of smoke, which is in 
direct proportion to the amount 
of light falling on the photocell, 
exceeds a pre-set level. 

The unit operates over a 
voltage range of 10-30V dc and 
any number of detectors can be 
wired in parallel across the same 
supply lines. 

The price complete with plug 
in base is £36.00. Trade and 
quantity discounts available. 

Contact: Photain Controls 
Ltd, Ford Aerodrome, Arundel, 
West Sussex, BN18 OBE. Tel: 
0903 721531. 


conventional transmitter. Search 
signals transmitted by the rescue 
team are strong enough to 
generate a current in the 
bracelet. The current passes 
through a non-linear circuit 
which halves or doubles the 
frequency and rebroadcasts it 
through the foil aerial. The 
rescuers listen for signal echoes 
at the different frequency and 
determine the exact source of the 
signal with a directional aerial. 
Because the bracelet is passive it 
works automatically, and without 
the problem of lost battery 
power. 


to be selected from throughout 
the layout and to be relocated, 
rotated, duplicated or erased. 
User may also create their own 
library items speeding up the 
design process. 

Lintrack PC offers 
comprehensive screen viewing, 
all layers or any one layer for 
selective editing, plus four levels 
of magnification. The package 
comes complete with a pre- 
defined library of dil outlines, 
connectors, transistors and pad 
layouts. 

Contact: Linear Graphics Ltd, 
28 Purdeys Way, Rochford, Essex 
SS4 1NE. Tel: 0702 541663/4/5. 





EGULAR FEATURE 





R 







By Barry Fox—Winner of the 1987 UK Technology Press Award 


FAVOURITE CD TRACKS 


Philips CD players use eproms that allow permanent track selections to 


be stored in non-volatile memory. 
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‘Ee is interesting technology inside 
the new Philips cd players with fts 
(favourite track selection). To re-cap 
briefly, fts means what it says. You can 
select your favourite tracks on a compact 
disc, and ignore the ones you don’t like. 

On existing players you have to 
program the player with your selection 
every time you play a disc. With fts you 
can keep the selection stored in the 
player so that whenever the disc is 
loaded, the same selection of tracks is 
played and ignored. The player is able 
to recognise a disc and automatically 
recall the matching menu of hates and 
favourites for that disc. So far only 
Philips players have fts, because the 
technology is proprietory. 

Around 97% of the digital bits 
streaming off an audio compact disc are 
used for stereo sound; the other 3% are 
used for “sub codes” which have nothing 
to do with music. There are eight 
separate subcode channels. The first 
two, known as P and Q, are used to 
control the player — eg tell it when music 
tracks begin and end.The other six (R-W) 
can be used for graphics and text 
displayed on a tv screen. 

To make a brief detour from fts, the cd 
graphics system is already used in Japan 
for karaoke; that’s a musical backing 
track for drunks in bars to singalong 
with, while watching the song lyrics 
come up on screen. There is a choice of 
16 colours per picture with a total 
“palette” choice of 4096 colours. The sub 
code data comes off disc at around 60 
kilobits per second and of this around 45 
kilobits/second are available for text and 
graphics. This is enough to give one fresh 
picture every two seconds, of resolution 
288X192 pixels. 

The disc coding follows a world 
standard but the decoder must match 
local tv standard, ie one disc will play 
anywhere in the world but a PAL 
decoder and tv are needed for Europe 
and an NTSC decoder and tv for US/ 
Japan. This means there is slight shape 
distortion, ie a circle looks a bit oval, but 
it hardly matters for karaoke lyrics. So 
far only NTSC decoders are available. 
So British pubs are still safe from 
karaoke. 

Most cd audio players now have a 
microprocessor which the user can 
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program to search for selected PQ codes. 
This is how the player can skip between 
tracks, with the order in which they are 
played bearing no relation to the order in 
which they are recorded on the disc. But 
the memory is volatile.. When another 
disc is programmed, the last track 
selection is lost. 

Philips fts uses a non-volatile memory 
which holds instructions even when the 
mains is switched off. The player 
automatically recognises any disc on 
which it holds instructions, and calls up 
the right menu from its memory. 
Although it is possible to identify a 
compact disc by coding its title or 
catalogue number into the digital sub- 
code stream, record companies seldom 
bother to do this. So the fts player must 
use another trick to identify a disc. It 
compares the number of musical tracks 
with their length. Philips reckon there is 
only a one in a billion chance of two 
discs having exactly the same 
characteristic. So as soon as a record is 
loaded into the player, the fts circuit 
scans its contents, then scans its memory 
and if there are two matching entries it 
plays only those tracks on the disc which 
the owner previously chose. 

The memory lasts for ever, unless the 
owner chooses to erase or change an 
entry. The menus are not lost when the 
player is switched off or even unplugged 
from the mains. This clever trick is done 
with eeproms. 

Electrically erasable programmable 
read only memory is a_ technology, 
similar to the eproms (eraseable proms) 
used in portable computers, like the 
Psion Organiser. 

Prom is a matrix of memory cells with 
silicon junctions or gates which can be 
opened and closed by an electrical signal 
to create a digital pattern of ones and 
zeroes. When the memory is new, all the 
juntions are switched in the same 
direction. To store data a _ control 
computer sends the memory chip a 
stream of electrical pulses which 
progressively switch some of the 
junctions by forcing electrons to cross a 
silicon semiconductor barrier. Once 
switched the junctions then stay 
switched. The pattern of switching 
conveys the data. Each chunk of data 
stored in the chip is labelled so that it 





can either be recalled for display on 
screen or erased. 

Once switched, the gates of an eprom 
stay switched, until the whole memory 
matrix is saturated in ultraviolet light at 
a frequency of around 2537 Angstrom, 
for around 20 minutes. This drives the 
electrons back to their natural state and 
clears the entire memory. The uv content 
in daylight, or from a domestic tanning 
lamp, is not strong enough to do the job 
unless concentrated into a very narrow 
beam. With eeprom, as used for fts and 
(pre-set controls in radio and tv tuners) 
the data is erased electrically, rather than 
with uv light. 

The memory capacity of the eeprom 
in the Philips fts players is 2049 bytes, 
of which 2045 bytes are available for use. 
Each entry for a disc consists of an eight 
byte header which identifies the disc by 
length of music programme. The user 
selection for the disc takes up between 
one and five bytes per track, depending 
on whether times and index points are 
stored as well as track numbers. A 
maximum of 20 bytes can be 
programmed per track. 

Obviously the number of discs on 
which information can be stored 
depends on how much information is 
stored for each disc. It takes 13 bytes of 
memory to identify the running order 
for five tracks — less bytes for less tracks, 
and more bytes for more tracks. So total 
storage capacity can be over 150 discs 
with information on five tracks each; or 
around 80 if begin and end times are 
also stored; or something in between if 
the amount of information varies from 
disc to disc. 

When data is erased from eeprom, the 
wiped cells can be used again to store 
fresh data. This is not the case with 
eprom; the memory cells are “eaten 
away” like gorgonzola cheese as data is 
erased from them. The erase command 
simply puts a “flag” on some of the labels 
which tells the control computer that a 
chunk of data is no longer needed. The 
switch junctions remained switched. 
With an eprom you can end up with no 
data stored, but no memory capacity 
left. The eprom chip then has to be wiped 
clean and rejuvenated with uv light. 
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WEATHER WATCHING 


Cy" of the many benefits brought about by satellites is that of 
improved weather monitoring on a scale unimaginable 
during the last century. 

Widescale weather monitoring really began in the 1840s when 
electric telegraphs came into use in a storm warning network 
across the USA. About the same time daily weather maps 
became available both in the USA and in England. By the 1850s 
Europe had a rudimentary weather monitoring network centred 
on the Paris Observatory which received reports along links made 
available by the newly formed International Telegraphic Union. 
International weather bulletins had become available by the 
1860s and in the 1870s the World Meteorological Organisation 
was founded in Vienna. 

Over the next hundred years, as technology advanced so radio 
telegraphy, land and sea cable links followed bringing wider 
globe spanning observations, facilitated by the cooperation of 
the ITU and WMO. 

By the 1960s the WMO recognised the necessity for long range 
planning as well as forecasting and created a World Weather 
Watch programme. Currently, 158 WMO member countries and 
territories participate in the WWW and have at their command 
data from over ten thousand weather monitoring stations across 
the globe. The monitors include those on land, at sea, on aircraft 
and weather balloons, and since 1959 on satellites as well. 

Vanguard I! was the first weather satellite to be launched, 
though Tiros IX was the first satellite to produce full-planet 
photographs, in 1965. Today over 300 earth stations across the 
globe collect the data from eight principal satellites in polar and 
geostationary orbit, and more satellites are planned. 

Some of the world’s most powerful computers analyse the 
data and make long term forecasts. Full perfection has not yet 
been achieved (don’t we know it!) and may remain unachievable 
for many years due to the complexity of airflow mathematics 
and current shortage of monitoring stations. But, as the 
technology improves so too will the accuracy, allowing 
appropriate action to be taken to minimise potential disasters. 

Many benefits are already gained from the ability to monitor 
and predict weather conditions. Travel safety, harvest protection, 
flood and drought prediction are just some of the obvious areas 
influenced by increased forecast accuracy. Other aspects of 
society have benefited too, for example, satisfactory forecasting 


_results in better scheduling of power generation to meet weather 


dependent demand, so minimising operational costs. Airlines 
benefit from lower fuel costs when flights can be routed round 
adverse weather conditions. Environmental polution monitoring 
and control can also gain from knowledge of atmospheric 
movements. And naturally, military defense and offense tactics 
are influenced by sophisticated analysis of forthcoming weather 
trends. 

SF writers often predict that weather contro! will one day come 
about, though the practicalities and benefits of this are highly 
debatable. And I’m not sure that it would be fully appreciated — 
what would we have to talk about? 
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ADJ22 Ref Manual Part 1 £14 (c) ADJ23_—- Ref Manual Part II £14 (c) PD800P 800K/1280K with integral mains power supply and monitor stand................. £249 (a) 

BBC Master Dust Cover £4.75 (d) 3.5” 80T DS Drives: 
= shes phe ie bs Bi Ree cat aah TOES Te ag ites AE ahe ge ate aod ea k csadete ean epic aol be ga aclligmeanauidlgdss ise Sutandotasndgines £99 (b) 
ree packet of ten iscS with e€ac ompac 
SYSTEM 1 128K Single 640K Dave and bundied software £385 (a) Sir HAE «trot kale ha agai iad ah eg 41) 
rere : a wiiva ta 1 a OR Mouton Exe ae PD352 Dual 800K/1280K with integral mains power SUPDIy .............ccccccceceeeseeseseeseseeeesees £187 (b) 
13 System 1 with a 14° Med Res RGB Monitor £599 (a) PD853 C bo Dual 5.25/3.5"d th £229 

Second Drive Kit £99 (c) Extension Cable for ext 5 25 drive £12.50 (d) ombo Uuadl oO. : EE WAVE SL Ss a ocak teres os chore na Oi emabd poise ds Sa.coibphiek v's Sats Melee bhes sets (a) 
View 3.0 User Guide £10 (d) Viewsheet User Guide £10 (d) 
BBC Dust Cover £4.50 (d) 1770 DFS Upgrade for Model B £43.50 (d) 3M FLOPPY DISCS 
ADFS ROM (for B with 1770 DFS & B Plus) £26 (d) 1.20S ROM £15 (d) 
ACORN Z80 2nd Processors £329 (a) ACORN 6502 2nd Processor £173 (b) Industry Standard floppy discs with a lifetime guarantee. Discs in packs of 10 
MULTIFORM Z80 2nd Processor £289 (b) ACORN IEEE Interface £269 (a) 51/4" Discs 31” Discs 
TORCH 280 2nd Processor ZEP 100 £229 (a) 40 T ‘ ; 
TZDP 240: ZEP 100 with Technomatic PD800P dual drive with built-in monitor stand £439 (a) a8 T 3S Ke Bess ta} a : 2 ae Sates } Po : wd oe Bret (3 


META Version Ill — The only package available in the micro market that will 
assemble 27 different processors at the price offered. Supplied on two 16K 
roms and two discs and fully compatible with all BBC models. Please phone 
for comprehensive leaflet £145 (b). 


We stock the full range of ACORN hardware and firmware and a very wide range of other 
peripherals for the BBC. For detailed specifications and pricing please send for our leaflet 


PRINTERS & PLOTTERS 













EPSON STAR NL10 (Parallel Interface) ..........cc cee £209 (a) 
EPCOS TIR GG oS cpetess oseconseqcy ctsctenbnaessnuesiostedisaganns £189 (a) STAR NL10 (Serial Interface) .........cceeeereeees £279 (a) 
Optional Tractor Feed LX80/86 ........ cesses £20 (c) STAR POW. FYDG s.csisctssaciccssedesesecensserectheaneese £229 (a) 
Sheet Feeder LX80/86 oc eeecessscssesssseessseeesees £49 (c 

vital ee BROTHER HAZO ona sccnce £329 (a) 


COLOUR PRINTERS 













MEPL LINE OEE os <Sodes dactvGéicds Hin chies oe £439 (a) 
MNS 85: Which chaps ckiarinicieas eliaaipear: £589 (a) 

Dotprint Plus NLQ Rom for 
TAXAN ensan versions for FX, RX, MX 
Pr 1160 COBH. i. nice reid tae £249 (a) | £28 (d) 
MPS65 (780.Cos) iN icra £369 (a) and GLP (BBC only)::-\--\-15 

PLOTTERS 
JUKI PBT hata ewidemutertd £459 (a) 
6100 (Daisy Wheel) ............... eee £259 (a) Graphics Workstation 

RIE FUE 5 565 salar eon nn obgns os siees £599 (a) 

NATIONAL PANASONIC Pigtmamte A4SM oi. Gl ecpiansrnines £450 (a) 


KX P1080 (80 col) £149 (a) 


PRINTER ACCESSORIES 


We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) 
in stock. Serial, parallel, EEE and other interfaces also available. Ribbons 
available for all above plotters. Pens with a variety of tips and colours also 
available. Please phone for details and prices. 

Plain Fanfold Paper with extra fine perforation (Clean Edge): 












FLOPPICLENE DRIVEHEAD CLEANING KIT 


FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs 
ensures continued optimum performance of the drives. 514" £12.50 (d) 


32" £14.00 (d) 


DRIVE ACCESSORIES 


Single Disc Cable £6 (d) 
10 Disc Library Case £1.80 (d) 
50 « 51" Disc Lockable Box £9.00 (c) 


Dual Disc Cable £8.50 (d) 
30 * 512" Disc Storage Box £6 (c) 
100 x 512" Disc Lockable Box £13 (c) 


MONITORS 
RGB 14” MONOCHROME 
WHEt Bid ibe oldies dation £179(a) TAXAN 12”HI-RES 


1O5T Wiel PAGS eA as cnet £225 (a) 
VG Tl PROS atin iar eer ene £365 (a) 
MICROVITEC 14” RGB/PAL/Audio 

TASIAP Stet ROR iis ay wa we. £199 (a) 
TASIAP Sit TGS ce ihiscsta Goetpunpata £259 (a) 


All above monitors available in plastic or 
metal case. 


TAXAN SUPERVISION I! 
12” — Hi Res with amber/green options. 


(BIW GONTIAUIONG isi oo nss.0n.ccces aeausanl. £279 (a) 
Taxan Supervision Ill .....................6.. £319 (a) 
MITSUBISHI 

XC 1404 14” Med Res RGB, IBM & BBC 
GOMWPATENE ai fice inc cyan: £219 (a) 


UVERASERS 






2000 sheets 9.5” x 11° £13(b) 2000 sheets 14.5” x 11° £18.50(b) 
Labels per 1000s: Single Row 33” X 1 7/16” £5.25(d) Triple Row 2-7/16" X 1 7/16" £5.00(d) 


UV1T Eraser with built-in timer and mains indicator 
Built-in safety interlock to avoid accidental exposure 
to the harmful UV rays. 

Itcan handle up to Seproms at atime with an average 


MODEMS 


All modems carry a full BT approval 


erasi 


RT256 3 PORT SWITCHOVER UVI 


SERIAL INTERFACE 

3 input/4 output or 1 input/3 output 
manual channel selection. Input/ 
output baud rates, independently 
selectable 7 bit/8 bit, odd/even/none 
parity. Hardware or software 
handshake. 256K buffer, mains 
POWElED i icsdases ..... £375 (b) 


MIRACLE TECHNOLOGY WS Range a bul 


WS4000 V21/23 (Hayes Compatible, 
Intelligent, Auto Dial/Auto Answer).. 
WS3000 V21/23 Professional As WS4000 


and with BELL standards and battery back up 
for memory £245 (b) 


rial 
PB BUFFER Seria 


Internal buffer for most Epson 
printers. Easy to install. Inst 
supplied 


linked 




















































































allowing pin options to be re-routed or 


to produce almost any cable 













ng time of about 20 mins. £59 + £2 p&p. 
as above but without the timer. £47 + £2 p&p. 


For Industrial Users, we offer UV140 & UV141 era- 
sers with handling capacity of 14eproms. UV141 has 


It in timer. Both offer full built in safety features 





UV140 £69, UV141 £85, p&p £2.50. 











Serial Test Cable 


Cable switchable at both ends 






reconfigure 





at either end — making it possible 















































Serial Mini Patch Box 


Allows an easy method to 


without rewiring the cable 
assay. Jumpers can be used 













KX1201G green SCreen...............:ece £90 (; 
KX1203A amber SCreen...............0.:685 £95 (i 
PHILIPS 12” HI-RES 

BM7502 green SCreeN ........... eee £75 (i 
BM7522 amber Screen....................0085 £79 (i 
BT PRO ASIS PRES... cceets cence anees £139 ( 
ACCESSORIES 

Microvitec Swivel Base ................006 £20 (« 
Taxan Mono Swivel Base with 

pee ES ae OE SESE en 2 ee £22 (¢ 
Philips Swivel Base................cccccees £14 (¢ 
Pe Pare ING i ireldascececncssseacssossnncees £5 (« 
PMN ee 8s st, sare and00s £3.50 (¢ 
Famer ES 4G}. .25 5 sc: Monochrome £3.50 (¢ 
TALIM CIO Us Pith ecpassavevnavsqvartes £239 (t 





EXT SERIAL/PARALLEL 
CONVERTERS 


Mains powered converters 


Serial to'Parael , ccarBet Wacccncs Huet conde edetec ag £48 
Parallel 10 Serialiec ns ccdccee discos cca cease cessececuonoes £48 
Bidirectional Converter..............ccccccceeee genes £105 





Serial Mini Test 
Monitors RS232C and CCITT 
V24 Transmissions. 
indicating status with dual 
colour LEDs on 7 most 


pin functions 
















































WS3000 V22 Professional As WS300 V21/23 PB128 128K ............ £99 (c) configuration on site and reused £22 (d) | significant lines. Connects in 
but with 1200 baud full duplex £450 (a) Available as M/M or M/F £24.75 (d) Line £22.50 (d) 
WS3000 V22 bis Professional As V22 and 
2400 baud full duplex CONNECTOR SYSTEMS 
WS3022 V22 Professional As WS3000 but EDGE AMPHENOL RIBBON CABLE 
with only 1200/1200 £350 (a) |.D. CONNECTORS is 46 way oe TORS casinatie 
i Speedblock T wa U entronics : ‘ 
WS3024 V22 Professional As WS3000 but nis Ok Reamer Resane’ Edge CONN ECTO > | isolder S00p (IDC) 475p i eee, ae 
with only 2400/2400 £450 (b) 2x 6-way (commodore) —  300p | 36 my a“ eles 20-way 5p  —50-way NK 
2x10 150 _ solder) ( : ; 
WS2000 V21/V23 Manual Modem £95 (b) 2x 12 aay tic ats aid 3509 acy plug IEEE \aslaens 26-way 120p = B4-way 28K 
DATA Cable for WS series/PC or XT £10 (d) $ . ¥ ee (2x81) 175p 2200 475p (IDC) 475p 
2x 25-wa 225p 220 24 way skt IEEE (solder) DIL HEADERS 
DATATALK Comms Package 3x 28 way (Spectrum) 200p  — | 500p (IDC) 500p 
* If purchased with any of the above 2 x a way Bhp — PCB Mtg Skt Ang Pin £4 io — Le 
* x way p _ 4 
modems D CONNECTORS | 2x22 way 1900 — ee 16 pin S0p 110 
PACE Nightingale Modem V21/V23 No of Ways a thedbide Pp 2 18 pin 60p - 
Manual aie 9 15 . 25 37 2x50 wayiSi00coun) 800p nig warbler 20 pin 75p - 
ce MALE: 24 pin 100p 150f 
(Offer limited to current stocks) Ang Pins 120. 180 230 350 EURO CONNECTORS Male to Male £10 pin pa rt. 
older 60 85 125 170 Male to Female £10 oe P F 
SOFTY Il IDC 175 275 325 — DIN 41612 Plug Skt c 
This low cost intelligent eprom programmer can program 2716, 2516, FEMALE: 2 X 32 way St Pin 230p 275p SMe 8 Earoane “tC 
2532, 2732, and with an adaptor, 2564 and 2764. Displays 512 byte St Pin 100 140 210 380 2 X 32 way Ang Pin 275p 320p ATTENTION 
page on — has a_ serial and par- Ang Pins 160 210 275 440 3 X 32 way St Pin 260p 300p RS 232 JUMPERS 
allel |/O routines. Can be used as an emulator, cassette interface. Solder 90 130 195 290 3 X 32 way Ang Pin 375p 400p kann: All prices in thie double 5 
Softy I £195.00 (b) IDC 195 325 375 — IDC Skt A + B 400p 24” Single end Male ¢5.00 | advertisement are subjec 
rs ad Riis StHood 90 95 100 120 IDC Skt A + C 400p 24" Single end Female £5.25 change without notice. 
: , 3 £28. Screw. 130 150 175 — For 2 x 32 way please specif 34" Male Male *r9.50 | ALL PRICES EXCLUDE V 
Lock: yp pecity 2 ale Male £9.50 
SPECIAL OFFER spacing (A + B, A + C). 24" Male Female £9.50 Please add carriage 50 
2764-25 £3.00 (d); unless indicated as folio. 
27128-25 £4.80 (d); TEXTOOL ZIF MISC CONNS Di SWITCHES (a) £8 (b) £2.50 (c) £1.50 
* ’ SOCKETS 24-pin £7.50 21 pin Scart Connector 200p 4-way 90p 6-way 105p £1.00 
6264LP-15 £2.80 (d); 28-pin £9.10 40-pin £12:10 8 pin Video Connector 200p 8-way 120p 10-way 150p 

















TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 97 
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Using ‘Prestel’ type protocols. For information 


and orders — 24 hour service, 7 days a week 


PRACTICAL ELECTRONICS APRIL 1988 





















































































































74279 ; 

74283 1.05 
0 0.30 F474 3.20 
1 0.30 74290 0.90 
ba 030 FT 74293 0.90 
3 0.30 Ff 74298 1.80 
ms 036 F 74351 2.00 
a “pr 74365A 0.80 
6 » 74366A 0.80 
” 0.40 7 74367A 0.80 
ee 0.99 TF 74376 1.60 
nd 0.30 7 74390 1.10 
0 0.30 FT 74393 1.20 
1 0.30 74490 
2 0.30 
3 0.50 
\4 0.70 
6 0.36 
\7 6.40 
‘0 0.30 
4 0.60 
12 0.36 
13 0.36 
5 0.40 
6 040 Mess 
7 0.32 74LS00 0.24 
8 0.43 74L$01 0.24 
30 0.30 74LS02 0.24 
32 0.36 74LS03 0.24 
13 0.30 74LS04 0.24 
7 0.30 74LS05 0.24 
8 0.40 74LS08 0.24 
39 0.40 74LS09 0.24 
10 0.40 74LS10 0.24 
" 0.90 74L$11 0.24 
412A 0.70 74L$13 0.34 
3A 1.00 74LS14 0.50 
4 1.10 74LS15 0.24 
5 0.70 74LS20 0.24 
316A 1.00 74LS21 0.24 
VA 1.00 74LS22 0.24 
8 1.00 74LS24 0.50 
30 0.36 74LS26 0.26 
1 0.35 74L$27 0.24 
53 0.38 74LS28 0.24 
4 0.38 74LS30 0.24 
30 0.55 74LS32 0.24 
70 0.50 74L$33 0.24 
12 0.45 74LS37 0.24 
73 0.45 74LS38 0.24 
14 0.50 74LS40 0.24 
75 0.60 74LS42 0.50 
76 0.45 74LS43 1.50 
30 0.65 74LS48 0.90 
} 1.80 74LS49 1.00 
33A 1.05 74LS51 0.24 
YA 1.25 74LS54 0.24 
6 1.10 74LS55 0.24 
86 0.42 74LS73A 0.30 
89 2.10 74LS74A 0.35 
WA 0.55 74LS75 0.45 
” 0.70 74LS76A 0.36 
32A 0.70 74LS78 0.42 
33A 0.55 74LS83A 0.70 
4 1.10 74LS85 0.75 
5A 0.60 74LS86 0.35 
16 0.80 74LS90 0.48 
7 2.90 74LS92 0.35 
100 1.90 74LS93 0.54 
107 0.50 74LS95B 0.75 
109 0.75 74LS96 0.90 
110 0.75 74LS107 0.40 
111 0.55 
116 1.70 74LS109 0.40 
118 1.10 74L$112 0.45 
119 1.70 74L$113 0.45 
120 1.00 74L$114 0.45 
121 0.55 74LS122 0.70 
122 0.70 74LS123 0.80 
\23 0.80 74LS125 0.50 
\25 0.65 74LS126 0.50 
\26 0.55 74LS132 0.65 
\28 0.55 74LS133 0.55 
132 0.75 74LS136 0.45 
136 0.70 74LS138 0.55 
41 0.90 74L$139 0.55 
\42 2.50 74LS145 0.95 
\43 1.30 74L$147 1.75 
44 2.70 74LS148 1.40 
45 1.10 74L$151 0.65 
47 1.70 74L$152 2.00 
48 1.40 74LS153 0.65 
50 1.75 74L$154 1.60 
51A 0.70 ff 74LS155 0.65 
53 0.80 74LS156 0.65 
54 1.40 74LS157 0.50 
55 0.80 74LS158 0.65 
56 0.90 | 74LS160A 0.65 
59 2.25 § 74LS161A 0.75 
60 1.10 | 74LS162A 0.75 
61 0.80 | 74LS163A 0.75 
62 1.10 | 7419164 0.75 
63 1.10 | 74LS165A 1.10 
64 1.20 | 74LS166A 1.50 
65 1.10 | 74LS168 1.30 
66 1.40 | 74LS169 1.00 
67 4.00 } 74LS170 1.40 
70 2.00 | 74LS173A 1.00 
72 4.20 | 74.8174 0.75 
73 1.40 | 74LS175 0.75 
74 1.10 | 74LS181 2.00 
75 1.05 | 74LS183 1.90 
76 1.00 | 74LS190 0.75 
78 1.50 | 74.191 0.75 
79 1.50 | 74LS192 0.80 
80 1.00 | 74LS194A 0.75 
81 3.40 | 74LS195A 0.75 
82 1.40 | 74LS196 0.80 
84 1.80 | 74LS197 0.80 
85A 1.80 | 74LS221 0.90 
90 1.30 | 74LS240 0.80 
91 1.30 | 74LS241 0.80 
92 1.10 | 74LS242 0.90 
93 1.15 | 74LS243 0.90 
94 1.10 | 74LS244 0.70 
95 0.80 | 74.8245 0.90 
36 1.30 | 74LS247 1.10 
97 1.10 | 74LS248 1.10 
38 2.20 | 74LS249 1.10 
9 2.20 | 74LS251 0.75 
21 1.10 | 74LS253 0.75 
1 1.00 | 74LS256 0.90 
39 1.50 ] 74LS2457A 0.70 
5 0.80 | 74LS258A 0.70 
73 2.00 } 74LS259 1.20 
76 1.40 | 74LS260 0.75 
78 1.70 | 74LS266 0.60 






74LS273 
74L$279 
74LS280 
74LS283 
74LS290 
74LS292 
74LS293 
74LS295 
74LS297 
74LS298 
74LS299 
74L$321 
74LS322A 
74LS323 
74LS324 
74LS348 
74LS352 
74LS353 
74LS356 
74LS363 
74LS364 
74LS365 
74LS366 
74LS367 
74LS368 
74LS373 
74LS374 
74LS375 
74LS377 
74LS378 
74LS379 
74LS381 
74LS385 
74LS390 
74LS393 
74LS395A 
74LS399 
74LS445 
74LS465 
74LS467 
74LS490 
74LS540 
74LS541 
74LS608 
74LS610 
74LS612 
74LS624 
74LS626 
74LS628 
74LS629 
74LS640 
74LS640-1 
74LS641 
74LS642 
74LS642-1 
74LS643 
74LS643-1 
74LS644 
74LS645 
74LS645-1 
74LS668 
74LS669 
74LS670 
74LS682 
74LS683 
74LS684 
74LS687 
74LS688 
74LS783 



















































































74S00 
74802 
74804 
74S05 
74808 
74810 
74811 
74820 
74822 
74S30 
74S32 
74837 
74S38 
74S40 
74851 
74864 
74S74 
74885 
74886 
748112 
74$113 
748114 
74S124 
748132 
74S133 
748138 
74$139 
74S 140 
748151 
748153 
748157 
74S158 
74S163 
74S169 
74S174 
74S175 
745188 
74S189 
74S194 
74$195 
748196 
74S200 
74$201 
74S225 
74S240 
748241 
748244 
748251 
748257 
748258 
74S260 
748261 
74S283 
74$287 
74S288 
74S289 
74S299 
74$373 
748374 
74S387 

































TECHNOMATIC 


74S SERIES 
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all 
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74ALS00 
74ALS02 
74ALS04 
74ALS08 
74ALS10 
74ALS20 
74ALS32 
74ALS74 
74ALS138 
74ALS139 
74ALS244 
74ALS245 
74ALS573 
74ALS574 
74ALS580 














Special 
offer 


readers 
only — 
10% off 


TTLS 


74ALS SERIES 


4076 


4077 
4078 0.25 ADCO0808 ~—«- 11.90 LM710 0.48 TBA231 
4081 0.24 AM7910D0C_ 25.00 LM711 1.00 TBA800 
4082 0.25 AN103 LM723 0.60 TBA810 
4085 0.60 AN-1-5050 LM725CN 3.00 TBA20 
4086 0.75 AY-3-1350 LM733 0.65 TBA820M 
4089 1.20 AY-3-8910 LM741 0.22 TBA920 
4093 0.35 AY-3-8912 LM7747 0.70 TBA950 
4094 0.90 CA3019A LM748 TC9109 
4095 0.95 CA3020 LM1011 TCA270 
4096 0.90 § CA3028A LM1014 TCA940 
4097 2.70 CA3046 LM1801 TDA1010 
4098 0.75 €A3059 LM1830 TDA1022 
4099 0.99 CA3060 LM1871 TDA1024 
4501 0.36 CA3080E LM1872 1DA1170S 
4502 0.55 CA3085 LM1886 TDA2002 
4503 0.36 § CA3086 LM1889 TDA2003 
4504 0.95 CA3089E LM2917 TDA2004 
4505 3.60 CA3090AQ LM3302 TDA2006 
4506 0.90 CA3130E LM3900 TDA2030 
4507 0.35 CA3130T LM3909 TDA2593 
4508 1.20 CA3140E LM3911 TDA2653 
4510 0.55 CA3140T LM3914 TDA3560 
4511 0.55 CA3146 LM3915 TDA3810 
4512 0.55 CA3160E LM3916 TDA7000 
4513 1.50 CA3161E LM13600 TEA1002 
4514 1.10 CA3162E M51513L TLO6ICP 
4515 1.10 CA3189E M51516L TLO62 
4516 0.55 CA3240E MB3712 TLO64 
4517 2.20 CA3280G MC1310P TLO71 
4518 0.48 p7002 1413 TLO72 
4519 0.32 DAC1408-8 MC1458 TLO74 
4520 0.60 DAC0800 MC1495 ‘ TLOS1 
4521 1.15 DAC0808 MC1496 0.70 TLO82 
4522 0.80 DG308 MC3340P —_ 2.00 TLO83 
4526 0.70 HA1366 MC3401 0.70 TLOB4 
4527 0.80 ICL7106 MC3404 0.65 TLOS4 
4528 0.65 1CL7611 MF10CN 4.10 TL430C 
4529 1.00 ICL8038 MK50240 _—.- 9.00 UA759 
4531 0.75 ICM7555 ML902 5.00 UA2240 
4532 0.65 ICM7556 ML922 4.00 UCN5801A_° 
4534 3.80 LC7120 MM6221A _-3.00 ULN2001A 
4536 2.50 LC7130 NE529 2.20 ULN2002A 
4538 0.75 LC7131 NE531 1.20 ULN2003A 
4539 0.75 LC7137 NE544 1.90 ULN2004A 
4541 0.90 LF347 NE555 0.22 ULN2068 
4543 0.70 LF351 NE556 0.60 ULN2802 
4551 1.00 LF353 NE564 4.00 ULN2803 
4553 2.40 LF355 NE565 1.20 ULN2804 
4555 0.36 LF356N NE566 1.50 UPC575 
4556 0.50 LF357 NE567 1.25 UPC592H 
4557 2.40 LF398 NE570 4.00 UPC1156H 
4560 1.40 LM10CLH NE571 3.00 UPC1185H 
4566 1.40 LM301A NE592 0.90 XR210 
4568 2.40 LM307 NE5532P 1.50 XR2206 
4569 1.70 LM308CN NE5533P 1.60 XR2207 
4572 0.45 LM310 NE5534P 1.20 XR2211 
4583 0.90 LM311 NE5534AP ~—- 1.50 XR2216 
4584 0.48 LM318 OP-07EP 3.50 XR2249 
4585 0.60 LM319 PLLO2A 5.00 ZN404 
4724 1.50 LM324 RC4136 0.55 ZN414 
14411 7.50 LM334Z RC4151 2.00 ZN419P 
14412 7.50 LM335Z RC4195 1.50 ZN423E 
14416 3.00 LM336 RC4558 0.55 ZN424E 
14419 2.60 LM339 $50240 9.00 ZN425E8 
14490 4.20 LM348 SFF96364 —«- 8.00 ZN426E8 
14495 4.50 LM358P SL490 3.00 ZN428E8 
145000 6.50 LM377 SN76013N 5.00 ZN49BE8 
14599 2.00 LM380N-8 SN76033N 5.00 ZN429E8 
22100 3.50 LM380N SN76115N 2.15 ZN447E 
22101 7.00 LM383 SN76489 ~—‘ 4.00 ZN4481 
22102 7.00 LM384 SN76495 4.00 ZN449E 
40014 0.48 LM386N-1 SN76660 1.20 ZN450E 
40085 1.20 LM387 SPO256AL2 7.00 ZN459CP 
40097 0.36 LM391 SP8515 7.50 ZN1034E 
40098 0.40 LM392N TA7120 1.20 ZNA1040 
40100 1.50 LM393 TA7130 1.40 ZNA134H 
40101 1.25 LM394CH TA7204 1.50 9 ZNA234E 
40102 1.30 LM709 TA7205 090 Ff 

40103 2.00 TA7222 1,50 

40104 1.20 TA7310 1.50 

40105 1.50 

40106 0.48 

40107 0.55 

40108 3.20 VOLTAGE REGULATORS 
40109 0.80 

40110 2.25 1A FIXED VOLTAGE PLASTIC TP220 

40114 2.25 

40107 2.80 +VE ~VE 
40163 1.00 5V 7805 0.45 7905 

40173 1.20 6V 7806 0.50 7906 

40174 1,00 6V 7808 0.50 7908 

40175 1.00 12V 7812 0.45 7912 

40192 1.00 15V 7815 0.50 7915 
40193 1.00 18V 7818 0.50 7918 
40194 1.00 24V 7824 0.50 7924 
40244 1.50 

es hime 1A FIXED VOLTAGE PLASTIC TO92 
40257 1.80 
40373 1.80 5V 78L05 0.30 5V 79L05 
40374 1.80 6V 78L06 0.30 12V 79L12 
80C95 0.75 8V 78L08 0.30 15V 79L15 
80C97 0.75 12V 78L12 0.30 
80C98 0.75 15V 78L15 0.30 









































































































































































































































































FIXED REGULATORS 
LM309K 

LM323K 

L78HO5KC 


VARIABLE REGULATORS 
LM305AH 

LM317T 
LM317K 
LM337T 
LM350T 
LM723N 


SWITCHING REGULATORS 
ICL7660 

$G3524 

TL494 
TL497 
78S40 
RC4195 





















1A 5V 
3A 5V 
5A 5V 


TO-220 
TO3 





Lrp 










OTHER REGULATORS 














1.40 
3.50 
7.50 


2.50 
1.20 
2.40 
2.25 
4.00 
0.50 


2.50 
3.00 
3.00 
2.25 
2.50 


MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10 
Chet: 0120841 77) Telex 922800 feb 0157) 3:07:33 
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305 EDGWARE ROAD. LONDON W2 





















0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 





0.45 
0.50 
0.50 













COMPUTER COMPONENTS 














































































OF 4 OF 75154 KEYBOARD 

























































































































































































































































































Veo2cE = 6.50 Ff TMs4500 14.00 sn em = DECODERS 
2650A 10.50 TMS9901 5.00 75160 5.00 
6502 4.50 Tms9902 5:09 2716-45 4.50 75161 6.50 
65C02-2MHz ™sS9914 1400 | 2732-45 = 4.50 75162 7.50 AY52376 —-'11.50 
12.00 j 2764-25 3.20 75172 4.00 740922 5.00 
6502A 6.50 27064 5.50 75182 0.90 74C923 6.00 
6502B 8.00 Z280PI0 250 pee 4.80 — - 
6800 3.50 ff Z80APIO 2.75 | 270256 7.50 
6802 3.50 ZB0CTC 250 | 27512 9.00 75365 1.50 BAUD RATE 
6809 6.50 Z80ACTC 275 | 27513 18.00 75450 0.80 GENERATORS 
6809E 10.00 Z80DART 6.50 § 27C128 5.50 75451 0.50 
68B09 10.00 | Z80ADART 7.00 § 27256 5.50 a men aceians Sen 
68B09E 12.00 ; ’ 
68000-LB 36.00 75454 0.70 COMB116 = 6.50 
47028 7.50 
8035 3.50 Z80DMA 7.00 75480 1.50 ; 
80C35 6.00 Z80ADMA _—72.50 75491 0.65 
8039 4.20 75492 0.65 
80C39 7.00 826 1.20 UARTs 
8080A 9.50 Z80AS10/0/2/9 RS232 8728 1.20 
8085A 3.00 i 8T95 1.20 AY3-1015 3.00 
B0C85A 7.50 Z80BPIO 5.00 | MAX232 7.50 8T96 1.20 AY51013P —-3.00 
8086 22.00 Z80BPIO 5.00 8T97 1.20 COM8017 ~—- 3.00 
8087-5 £120 § Z80BCTC — 5.00 8798 1.20 IM6402 4.50 
8087-8 £160 Z80BDART 81LS95 1.40 
8088 17.50 81LS96 1.40 MODULATORS 
8741 15.00 81LS97 1.40 
8748 10.00 81LS97 1.40 6MHz 3.75 
T™MS1601 —- 12.00 CRT 81LS98 1.40 8MHz 4.50 
88LS120 6.50 
ee. ae CONTROLLER 
TMS9995 18. 9602 3.00 SOUND & 
20-8 12. 9636A 1.80 moet 
280 2.50 E 9.50 
Z80A 2.90 CRTS037 —s_-12.00 9638 1.80 
Z80B 5.50 CRT6545 9.00 9639 2.50 CRYSTALS 


EF9364 8.00 
EF9365 32.00 32.768KHz 1.00 
EF9366 32.00 : 1.6432MHz 2.25 
EF9367 36.00 DISC 2.00MHz 2.25 


280H 7.50 














































2114-3 1.00 




























































4116-2 1.50 EF9369 12.00 2.45760MHa(L) 
41256-15 3.50 | mcéB4ssP 6.50 Tors 2.45760MHz(S) 
41464-15 3.50 MC6847 6.50 2.50 
4416 3.00 SFF96364 —-8.00 2.5MHz 2.50 
5101-3 5.00 TMS9228 _— 10.00 3.276MHz _—s'1.50 









6116LP-15 2.80 3.5795MHz 1.00 
62256 9.50 — eons 4.00MHz —-'1.50 
6810 2.50 Fae 3575 am 4.194MHz 2.00 


4.43MHz 1.00 
4.9152MHz 2.50 
5.00MHz 1.50 
5.068MHz 1.75 
6.00MHz 1.40 
6.144MHz 1.40 
7.00MHz 1.50 
7.16MHz 1.75 
8.00MHz 1.50 
8.876MHz 1.75 
10.0CMHz 1.75 
10.50MHz 2.50 
10.70MHz 1.50 


FD1771 20.00 
FD1791 20.00 
FD1793 20.00 
FD1797 22.00 
WD1770 24.00 
WwD1691 15.00 
WD2143 12.00 
WD2793 27.00 
WD2797 27.00 



























ADCO808 = 10.00 
AD561J 20.00 
AM25S10 _—3.50 
AM25L$2521 

3.50 


AM25LS2538 

3.50 
AM26LS31 1.20 
AM26LS32 1.20 
AM79100C 25.00 
DM8131 6.00 




































CHARACTER 

























































28L.22 4.00 | 0P8304 450 Mera a-7-Wee) st) 11.00MHz —-3.00 
745188 1.00 9 29969" 4.50 12.00MHz ‘1.50 
745287 ps DS8830 1.40 iexcasae 14.00NHz ‘1.75 
0S8831 1.50 1431MHz 1.80 

748288 1.80 psas 7.50 
748387 pe 32 1.50 whiesiars 14.756MHz 2.50 
82523 mai cee |S as 15.00MHe 2.00 
925123 vas DS8836 1.50 : 16.00MHz _—2.00 
82S129 175 DS8838 2.23 17.734MHz = 1.50 
; 07002 6.00 TELETEXT 18.00MHz 1.50 




























MC 1488 0.60 
MC1489 0.60 
MC3446 2.50 
MC3459 4.50 
MCS3470 4.75 
MC3480 8.50 
MC3486 2.25 
MC3487 2.25 
MC4024 5.50 


18.432MHz 1.50 
19.969MHz 1.£9 
20.000MHz =:1.50 
24.000MHz = =1.75 
48.000MHz 1.75 
116MHz 2.50 
PX01000 12.00 


DECODER 




































8253C-5 3.50 
8255AC-5 3.20 
8256 18.00 MC4044 5.50 


8259C-5 4.00 MC14411 7.50 
al iia MC14412 7.50 


75107 0.90 
75108 0.90 
75109 1.20 
75110 0.90 

































Please note: 
All prices are subject to 
change without notice. 










Only current prime grade 
components stocked. 


8275 29.00 
8279C-5 4.80 
8282 4.00 






We also stock a wide 

























pe pepe 75112 1.60 range of: Transistors, 
8287 3.80 75113 2 3 

, 11 1.20 : . . 
8288D 6.50 Diodes, Triacs Plastic, 


75114 1.40 
75115 1.40 
75121 1.40 
75122 1.40 
75150P 


Bridge Rectifiers, 
Thyristors and Zenors. 


8755A 


Please phone for details. 


OPTO-ELECTRONICS 


OTHERS LEDs 


BPX25 3.00 90.125" 
BPW21 3.00 
ORP12 1.20 
ORP60 1.20 
ORP61 1.20 
SFH205 1,00 
TIL31B 1.20 
TIL81 1.20 

















BPX25 

BPX34 

BPW21 

cay21 
FND357 
MAN74DL704 
MAN71.DL707 
MAN4640 
MAN6610 


0.2" 
















REDTIL2090 0.12 
GRNTIL211 0.16 
YEL TIL212 0.20 
Rect LEDs 
(R/G/Y) 0.30 
CXQ (Bi colour) 


TIL220 
TIL222 











TIL226 






















10 LED 74C925 6.50 MAN8910 0.8" 
Bar Graph 74C926 9.50 NSB5881 
Red 2.25 74928 6.50 ORP12 


























ZN1040 6.70 


LM3914 —s-_- 3.50 
LM3915 3.50 


Green 2.25 SFH305 
TIL31A 
TIL32 


TIL78 















MAN6610 
NSB5881 5.70 











DISPLAYS 



















FND357 1,00 TIL311 6.50 LM3916 3.50 Tis 
FND500/TIL370 TIL728 1.00 UDN6118 3.20 THL100 
1.00 TIL7300 1.00 UDN6184 3.20 


ULN2003 —«-0.90 THL311 


ULN2004 0.90 





FND507/TIL729 
1.00 


MANB910 ‘1.50 
MAN8940 2,50 





OPTO ISOLATORS 






























MAN71/0L707 DISPLAY peers a a 
ULN2802 d 

ac DRIVERS 1L074 TIL112 

pene MCT26 : TIL113 

ULN2804 : MCS2400 TIL116 

MAN3640 ‘1.75 75491 MOC3020 6N137 

MAN4640 —2.00 75492 1074 6N139 



















































8pin 9p 18pin 16p 24pin 24p 8pin® 2p 18pin 50p 24pin = 70p 
14pin  10p 20pin 18p 28pin ,26p 14pin 35p 20pin 60p 28pin 80p 
16pin 1p 22pin 20p 40pin 30p 16pin 40p 22pin 65p 40pin 100p 














| TURNED PIN 18pin 25p 16pin 38p 20pin 450p 28pin «5p 
| LOW 21°10) 41 @ ed eS 14pin 30p 18pin 40p. 24pin 55p 40pin 9p . 








PLEASE ADD 50p p&p & 15% VAT 
(Export: no VAT, p&p at Cost) 


Orders from Government Depts. & Colleges etc. welcome. 


Detailed Price List on request. 
Core MC suike tcmilelant-lihmeh maadliarme) Mm olelie 
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MUSIC PROJECT 








Pa most people who are “into” 
electronic music will be familiar with 
ring modulation, and its use in the 
production of metallic sounds (bells, 
gongs, etc.). A metal effects pedal is 
really just a ring modulator plus a built- 
in oscillator which is used to modulate 
the input signal. By setting the oscillator 
at a pitch which is a suitable musical 
interval from the input note, some quite 
harmonious metal sounds can be 
obtained. Unfortunately, a change in the 
input note will change the musical 
interval separating the two tones, and it 
may or may not produce a pleasant 
sounding output signal. For this reason 
the metal effect is generally used in 
moderation, or by those of more 
extreme musical tastes. 

This unit was designed to overcome 
the rather hit and miss nature of the 
effect generated by a conventional ring 
modulator unit, and to give consistent 
results over a wide range of pitches. If 
you get a pleasant effect on one note 
from your guitar, then all the other notes 
should give more or less the same effect. 
What would I describe as a light metal 
effect rather than a heavy one. On the 
other hand, if you like the unharmonious 
- sounds that can be produced by ring 
modulation, then the unit can be 
adjusted to give an equally discordant 
effect on every note (very heavy metal? 
— For a lead guitar perhaps? Ed.) 

It operates in what is basically the 
same manner as a conventional metal 
pedal. The input signal is ring modulated 
by an oscillator, and the resultant signal 
is mixed with the unprocessed signal at 
the desired strength. The difference 


Fig 1. Block diagram for 
the light metal effects 
unit. 


OUTPUT 


BY ROBERT PENFOLD 


Lord of the rings? 


between this design and a conventional 
one is that the pitch of the oscillator is 
not set at some preset level, but 
automatically adjusted to match the 
input frequency. In other words, if the 
oscillator is set a fifth higher than the 
input at one input frequency, then it will 
automatically adjust its pitch on other 
notes so that it remains a fifth higher. 


SYSTEMS OPERATION 


The block diagram of Fig.1 shows the 
general arrangement used in the unit, 
and helps to explain the way in which it 
functions. The unit has similarities with 
the “Guitar Tracker” project described 
in PE June 1986, and it is a development 
of that project. 
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The input signal is taken to a buffer 
amplifier, and then to a voltage amplifier 
stage which ensures there is a high 
enough signal level to drive the 
subsequent stages properly. Some of the 
output from the amplifier is fed to a 
mixer stage and from here to the output 
socket. The output from the amplifier 
also drives a trigger circuit, and the 
roughly squarewave output signal from 
this circuit is split two ways. The first 
route is to one input of the ring 
modulator, where the signal is mixed 
with the signal from a vco (voltage 
controlled oscillator. ). 

The second route is to the input of a 
monostable multivibrator, and this acts 
as the basis of a simple frequency to 
voltage converter. The output pulse 
duration of the monostable is set by a 
CR timing circuit, and so the average 
output voltage depends on the number 
of times the monostable is triggered in 
a given period of time. The greater the 
number of times it is triggered, the 
higher the average output voltage. This 
may seem like a rather crude system of 
frequency to voltage conversion, which 
I suppose it is, but actually gives 
extremely good linearity. The output 
from the monstable is smoothed by an 
active lowpass filter to give a dc signal 
to control the vco The operating 
frequency of the vco is therefore moved 
up and down in sympathy with the pitch 
of the input signal. 
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LIGHT METAL 
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There is a slight problem with this 
basic system in that it only provides a 
control voltage to the vco while an input 
signal at a reasonable level is present. 
Noises from the guitar if the fingering 
and playing is anything less than perfect 
can also give problems. To overcome 
these difficulties an electronic switch is 
used to connect the monostable to the 
lowpass filter for only a fraction of a 
second at the beginning of each new 
note. While this does not absolutely 
guarantee perfect results every time, it 
greatly reduces the risk of any 
mistracking. The lowpass filter is based 
on an ultra-high input impedance 
amplifier, and it therefore acts as a 
“hold” circuit which maintains the 
control voltage to the vco during the 
periods when the electronic switch is cut 
off. 


Ici * LF3S3 


Fig 2. The input, hold and veo circuits. 


The control signal for the switch is 
obtained by first rectifying and 
smoothing some of the output from the 
amplifier stage, so as to obtain a dc signal 
at a voltage which is proportional to the 
amplitude of the input signal. This dc 
signal is fed to a trigger circuit which is 
adjusted so that its output only triggers 
to the high state at the beginning of each 
note, when the signal from the guitar is 
at or close to its peak level. This gives a 
brief pulse which is used to trigger a 
monostable, and this circuit provides a 
gate pulse of suitable duration to the 
electronic switch. 

This set up gives an oscillator which 
tracks up and down, following changes 
in the input frequency, and it ring 
modulates the vco’s output with the 
input signal. The output from the ring 
modulator could simply be fed through 
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1c2,.1C& = CAI140E 


Ic3 = TLCS6EP 


to the mixer stage at the output, but this 
would not give entirely satisfactory 
results. The main problem is with 
breakthrough of the vco at the output 
of the ring modulator, but there is also 
a secondary problem in that the 
modulated signal is at a constant level, 
and does not vary in level in the same 
way as the input signal. 

Both problems are overcome by 
feeding the ring modulated signal to the 


mixer by way of a vca (voltage controlled: 


amplifier). This is driven from the output 
of the smoothing and recitifier circuit via 
a buffer amplifier. The amplitude of the 
ring modulated signal therefore varies 
in sympathy with the strength of the 
input signal. 

The basic action of the ring modulator 
is to generate sum and difference 
frequencies from the input frequencies. 


IC4 = 40168E 





As a simple example, with the two inputs 
fed with frequencies at 400Hz and 600Hz 
the output frequencies would be 1kHz 
(400Hz plus 600Hz = 1000Hz or 1kHz) 
and 200Hz (600Hz — 400Hz = 200Hz). 
In theory the input signals are balanced 
out and do not appear at the output, 
although with practical circuits there is 
usually significant breakthrough of at 
least one of the signals, and at least slight 
breakthrough of both. The sounds that 
result from this form of modulation are 
metallic in character due to the output 
containing strong signals at non- 
harmonically related frequencies. 

Most western instruments use strings or 
similar vibrators that are essentially one- 
dimensional, and this gives very little 
output at frequencies other than the 
fundamental and it harmonics. Metal 
instruments such as gongs and bells are 


two or three dimensional in nature, and 
it is this that gives them the strong output 
at non-harmonic frequencies. They are 
effectively resonating at two or more 
frequencies, and interacting in a way that 
I suppose is roughly analogous to ring 
modulation. 


THE CIRCUIT 


Fig.2 shows the circuit diagram for the 
input, frequency to voltage conversion, 
and vco stages, while the rest of the 
circuit is shown in Fig.3. 

I will not dwell on the operation of 
the circuit of Fig.2 here, since it is much 
as the equivalent stages in the “Guitar 
Tracker” . project referred to earlier. 
Details of the way in which it functions 
can be found in this earlier article. 

Turning our attention to Fig.3, IC7a 
acts as the basis of the ring modulator, 


IC6 = LM36S TRI = BCE49 


R21 Ree 
in in 


and this is one section of an LM13600N 
dual operational transconductance 
amplifier (ota). The signal from the vco 
is coupled to both the inverting input 
and the output of the ota, and this 
balances out the _ signal which 
consequently fails to appear at the 
output. The amplified guitar signal is fed 
to the control input of IC7a. It therefore 
varies the gain of this amplifier, giving 
only minor breakthrough at the output. 
This varying of the gain affects the 
cancelling of the vco signal at the output 
of the circuit, and provides the complex 
mixing needed to generate the sum and 
difference signals while suppressing the 
input signals. VR4 is adjusted to 
minimise breakthrough of the input 
signals at the output. The output is 
buffered by a built-in Darlington Pair 
emitter follower in IC7a. 
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Ic11 pine 8, 


9,12,13,14 


Fig 3. Circuit for the modulator, vca, trigger and mixer stages. 


The other section of IC7 is utilised as 
the vca, and this is a conventional ota 
type. The amplified guitar signal is 
rectified and smoothed by D1, D2 and 
C12, and then fed to the control input 
of IC7a via buffer amplifier TR2. The 
envelope shaped output signal from 
IC7b is fed via level control VRS to a 
conventional summing mode mixer 
circuit. Here it is combined with the 
amplified guitar signal in a standard 
summing mode mixer and then fed 
through to output socket SK2. 

IC10 acts as the trigger circuit which 
is fed from the rectifier and smoothing 
stages. This is a simple operational 
amplifier type with the trigger level 
controlled using VR6 and a substantial 
amount of hysteresis provided by R46. 
The monostable is based on two of the 
cmos NOR gates in IC11, and it is a 
positive edge triggered, non-triggerable 





Fig 4. Printed circuit board details. 
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type. Note that the other two gates of 
IC11 are left unused, and their inputs 
are simply tied to the positive rail. Apart 
from driving the analogue gate, the 
output of the monostable also drives led 
indicator D3. This indicator is not much 
value in normal use, but it is helpful 
when initially testing and setting up the 
unit. 

The unit is powered from a 9 volt 
battery, but the supply to the monostable 
in the voltage to frequency converter 
must be well stablised to avoid drift in 
the vco as the battery voltage falls due 


to ageing. The supply for the monostable _ 


is therefore derived through a 5 volt 
monolithic voltage regulator (IC9). The 
current consumption of the circuit is 
fairly high at around 20 to 25 milliamps, 
and the use of a medium or high capacity 
battery is recommended. I use six HP7 
size cells in a plastic holder. 


Di,D2 = OA91 


IC7 = LM13600N IC8 = vAT741iC 


1C9 = vAT7BLOS I1C1i® = CA3146E 
ICiil = 40@1BE TRE = BCS49 


D3 = RED LED 





CONSTRUCTION 


Refer to Fig.4 for details of the printed 
circuit board. Several of the integrated 
circuits are mos types (IC2, IC4, ICS, 
IC10 and IC11) and require the normal 
anti-static handling precautions to be 
observed. It is probably best to use 
sockets for all the dil integrated circuits, 
mos types or not. Take care not to over- 
heat D1 and D2 when soldering them 
into circuit as these are germanium 
devices. As such they are much more 
vulnerable to heat damage than are the 
more familiar silicon variety. A heat- 
shunt should not be necessary, but do 
not apply the iron to the joints for any 
longer than is really necessary. 

Although an LM13600N is specified 
for IC7, some suppliers only seem to 
stock the virtually identical LM13700N. 
Either device should function properly 
in the IC7 position of this circuit. If the 
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components are to fit onto the board 
easily it is essential to use modern 
miniature components, especially the 
capacitors which, with the _ only 
exception of C6, should be printed 
circuit mounting types. 

I used a metal instrument case about 
200 millimetres wide as the case for this 
project. The length of the printed circuit 
board and the need for a fairly large 
battery preclude the use of a case very 
much smaller than this. The controls, 
sockets, and led indicator are mounted 
in a row along the front panel, preferably 
in an arrangement which matches up 
well with the positioning of their 
connection points on the printed circuit 
board. SK1_ should certainly be 
positioned close to its connections points 
on the board, or a screened lead should 
be used here. The printed circuit board 
should be positioned well towards the 
front of the case so as to leave sufficient 
space for the battery at the rear of the 
unit. Of course, the board must be 
mounted on stand-offs to keep the 
connections on the underside of the 
board well clear of the metal case. 

On my prototype the on/off switch is 
a set of normally open contacts on the 
input socket (SK1). The unit is therefore 
switched on when the guitar lead is 
plugged into SK1, and switched off again 


when it is unplugged. This is quite 


common with effects units, and reduces 
the risk of the unit being accidentally 
left switched on. Presumably jack 
sockets will be used as the input and 
output connectors, and a socket of this 
type having a set of normally open 
contacts would not seem to be available. 
However, types with dpdt contacts are 
obtainable, and two contacts from one 
of these can be used to give the required 
switching action. Of course, it is quite 
in order to use an ordinary on/off switch 
such as a miniature spst toggle switch if 
preferred. The wiring to SK1 and the 
controls is shown in Fig.5 (which must 
be used in conjuction with Fig.4), and 
it is assumed here that a combined input 
socket and on/off switch are used. 


A 8 
SK1/S1 
Fig 5. Control wiring 
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ADJUSTMENT 


There are four presets to be set up 
correctly before the unit is ready for use. 
VR1 must be adjusted to give a level of 
gain from the voltage amplifier that gives 
reliable triggering of the unit. It is a 
matter of using the lowest sensitivity 
(clockwise adjustment gives decreased 
sensitivity) that gives reliable triggering 
of the unit. Higher gain is undesirable 
as it could result in the signal being 
clipped at the output of IClb, and it 
could also lead to spurious triggering of 
the unit. 

VR3 is the offset null control for ICS, 
and it is adjusted to optimise tracking 
accuracy at low frequencies. The output 
tone from the veo needs to be monitored 
in order to do this, and something as 
basic as wiring a crystal earphone 
between IC6 pin 1 and the negative 
supply rail will suffice. It is a matter of 
first adjusting VR2 to match the vco 
frequency to the input frequency when 
using a high input frequency (ie about 
1kHz). Then, using a much lower 
frequency (around 100Hz), adjust VR3 
to match the pitch of the vco to the input 
note. Repeat this procedure a few times 
to get the tracking as accurate as 
possible. In this application very precise 
tracking is not really essential, and the 
setting of VR3 does not seem to be very 
critical. 

The effect obtained varies somewhat 


main purpose is to minimise 
breakthrough of the vco and input 
signals, you can settle for any setting 
that gives an effect you like. 

Initially VR6 should be set at about 
half maximum resistance, and the unit 
will probably work quite well at this 
setting. However, it is worthwhile 
experimenting with VR6 at slightly 
different settings, and readjusting VR1 
to compensate, in order to find a 


| combination that gives optimum results. 


The unit produces some _ good 
“thicker” sounds, but to my ears anyway, 


MISCELLANEOUS 


 PartofSK1 
_ Standard jack with 
dpdt contacts 
Standard jack socket 
— Ovolt (eg 6x HP7 in 
holder) : 


_ Instrument case about 203 x 127 x 5imm, 
printed circuit board, battery connector, 
- 8pin dilic holder (7 off), 14 pin dil holder 

- (2 off) control knob (2 off), wire, solder, 


- CONSTRUCTOR’S NOTE: | 
_ The PE PCB Service can supply the 
printed circuit board. 





moderate amount of ring modulation. 
Remember that the signal from the 
modulator contains little output at the 
guitar frequency. Using a large amount 
of modulation you may find that the 
output notes are not the same as the 
ones you play on the guitar. As it stands 
the unit does not have any in/out 
switching. This could easily be added 
though, and all that is needed is a switch 
in series with C13 to cut the signal path 
of the modulation, or a switch to connect 
pin 16 of IC7 to earth and cut off the 
vca. An external foot-switch might be 
the best type of switch to use ij 


(0983) 292847 Xen-Electronics (0983) 292847 
Just a sample of stock. Ask for items not listed Super Project Kit Bargains 
-iglcaoee tear oe Os ZOO paaed sere BOS 
12 | Grn, 3 : 









































gp i This super little micro board using the very powerful Z80A CPU running at 
oe Ogeach | 4Mhz has all the necessary hardware to control menial to the most complex 
tasks. The PTH PCB measuring only 107 x 118 comprises 2K EPROM (Empty), 


0.5 Watt 5% 











































































ager ee static RAM 16 input lines using two 74LS244 and 16 output lines using two 
74LS373. The port connections are via four 10W pin strips, each having eight 
+5V 1A 36 data lines, one ground and either NMI, INT, WAIT or RESET. A must for the 
+8V 1.5A 68 Bead (NTC) epee 
+12V15A 36 GM472W small application. 
mean RE EF naar eae LOOM T UAC KIO ins ccej ness cccasivaensshcreecaslatnsncee £20.45 
Bh I 2200uF 16V 45 Z80A-CTRL/B Built and Tested 0.0... ce cscceseeseesseeeeeeees £24.95 
~15V 1A 39 Ries ae, ZB4C-CTRLMK Cmos Kit Form .........:cccccecrecccsccrssscssnessess £26.95 
A ee Z84C-CTRL/B Cmos Built and Tested ......cssssssseseeeeeee £31.45 
Carmel Top Adj 





+8V 0.1A 28 10uF 35V Bt 















Eb SEE FRR a |r = | poe comnts comer 
~12V0.1A 30 1000uF 10V 31 wate ‘30 | This handy little interface is ideal for running parallel printers from a serial port, 
ne ee pane 20K 50 | the low cost way out of buying expensive parallel ports for your computer. 

acre 200K $0 | Originally designed for the Sinclair QL and Northstar Dimension in mind. The 





















PCB measuring 60 x 62 comprises of the 6402 UART, Baud rate generator 
and all necessary logic, comes complete with wire and ribbon cable and 36W 
centronics plug. (For “D” Type connector and hoods see selection on left. 
Sinclair QL SER1 Plug available extra @ £1.68 order as 900-71052F) 


5/7.5mm Pitch 
3.3nF 400V 
0.01pnF 100V 
0.022uF 63V 
0.047unF 100V 


Transistors 








IS8838 
















1D) Loshesy ||. ss Ores digs FUNBAB ONE KR Fotin ooo nceecc beh. £18.40 
RAFAT CY Mt RS232-8/B Built and Tested ..............cccccccscccssceseseeeeeseees £23.90 
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Disc 

ceramic 
10pF 63V 05 
100pF 50V 06 
150pF 50V .05 
220pF 50V 05 
0.01uF 25/50V .05 


Distance Measuring Instrument 


An invaluable handy instrument ideal for quickly measuring rooms no bigger 
than 50 feet sq. The ultransonic processing PTH PCB measuring only 77 x 
85 has all the necessary components to output the distance in four digit BCD 
(multiplexed) reflecting either feet meters or yards selectable by a three position 
switch. The kit comes complete with Parabolic reflector and transducer. 
Available extra is a liquid crystal display board measuring 51 < 101 which can 
be wired to the BCD output to the above board directly to display the distance 
in 0.5 inch high digits. 


Ordon mais: EXOT DOA HG OPIN. 6 cies oc evivccdeebesccccdivccaccccpececonsanccveenece £24.95 
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Mail or Telephone Orders coy Please To: Dept PE12, 
Samuel Whites Estate, Bridge Road, Cowes, Isle of Wight, PO31 7LP. UDM126/B Built and Tested 0.0... ec cceceeeeeeeneeeeeeeeees £34.95 
3 Please Add £1 For 1st class Post and Packaging, CSODNA IK LOD FORE RORY <cocec ccs dpenseccenespioransstastvocesvnscesersis £14.30 






and 15% VAT to Total Stock Listing available soon. Please send SAE to be 


put on the mail list. LCDM4/B LCD Built and Tested  ..........c ce ececeeseseeeeeeees 






We can usually supply copies of back issue of PE up to three years 
old. These are £1.50 each including postage £2.00 for overseas readers). 
If we no longer have the issue needed, we will be pleased to send a 
photocopy of the article for the project that you want to build. These 
are £1.00 each per issue, including postage (£1.50 to overseas readers). 


We also have the latest binders available for PE, each holding twelve 
issues. Embossed in gold with the PE logo, they will make a handsome 
addition to your technical library as well as keeping your magazines in 
mint condition. They are available at only £5.95 inc. p&p. (Overseas 
readers please add £2.) 


REMEMBER SUBSCRIBING TO PE AVOIDS FUTURE DISAPPOINTMENT 





16 PRACTICAL ELECTRONICS APRIL 1988 





£1 BAKERS DOZEN PACKS 


Price per pack is £1.00.* Order 12 you 
may choose another free. Items marked 
(sh) are not new but guaranteed-ok. 


1-513 amp ring main junction boxes 
2-513 amp ring main spur boxes 
§-3 flush electrical switches 
7 - 4in flex line switches with neons 
8-280 watt brass cased elements 
9-2 mains transformers with 6V 1A secondaries 
10-2 mains transformers with 12V ‘4 A secondaries 
11-1 extension speaker cabinet for 6" speaker 
12-5 octal bases for relays or valves 
13-12 glass reed switches 
14-4 OCP 70 photo transistors 
16 — 4 tape heads, 2 record, 2 erase 
17-1 ultrasonic transmitter and 1 ditto receiver 
18 — 2 15000 mfd computer grade electrolytics 
19-2 light dependent resistors 
20 — 5 different micro switches 
21-2 mains interference suppressors 
22 - 225 watt crossover units 2 way 
23 - 140 watt 3 way crossover unit 
28 - 16 digit counter mains voltage 
30 - 2 Nicad battery chargers 
31-1 key switch with key 
32-2 humidity switches 
34 - 96 x 1 metre lengths colour-coded connecting wires 
36 - 2 air spaced 2 gang tuning condensors 
37 - 2 solid diaelectric 2 gang tuning condensors 
38 - 10 compression trimmers 
41-6 Rocker Switches 10 amp mains SPST 
43-5 Rocker Switches 10 amp SPDT Centre Off 
44-4 Rocker Switches 10 amp DPDT 
45 — 124 hour time switch mains operated (s.h.) 
46 —- 16 hour clock timeswitch 
48 —- 2 6V operated reed switch relays 
49 - 10 neon valves — make good night lights 
50-2 x 12V DC or 24V AC, 4CO relays 
51-1x 12V 2C O very sensitive relay 
52-112V 4C relay ; 
55-1 locking mechanism with 2 keys 
56 - Miniature Uniselector with circuit for electric jigsaw 
57-5 Dolls’ House switches 
60 — 5 ferrite rods 4” x 5/16” diameter aerials 
61-4 ferrite slab aerials with L & M wave coils 
62 - 4 200 ohm earpieces 
63-1 Mullard thyristor trigger module 
64-10 assorted knobs % spindles 
65 -5 different themostats, mainly bi metal 
66 — Magnetic brake — stops rotation instantly 
67 — Low pressure 3 level switch 
69 - 2 25 watt pots 8 ohm 
70 - 2 25 watt pots 1000 ohm 
71-4 wire wound pots — 18, 33, 50 and 100 ohm 
73-43 watt wire wound pots50ohm | 
77 - 1 time reminder adjustable 1-60 mins 
78 -5.5 amp stud rectifiers 400V 
85 — 1 mains shaded pole motor %” stack - % shaft 
86 - 25” ali fan blades fit 4%" shaft 
87-23” plastic fan blades fit 4” shaft 
88 — Mains motor suitable for above blades 
89-1 mains motor with gearbox 1 rev per 24 hours 
91-2 mains motors with gearbox 16 rpm 
93-411 pin moulded bases for relays 
94-5 B7G valve bases 
95 - 4 skirted B9A valve bases 
96 — 1 thermostat for fridge 
$8 - 1 motorised stud switch (s.h.) 
101 - 12% hours delay switch 
103 — 1 6v mains power supply unit 
104 - 14'%V mains power supply unit 
105 — 15 pin flex plug and panel socket 
107 - 15” speaker size radio cabinet with handle 
109 - 10%.” spindle type volume controls 
110-10 slider type volume controls 
112-1 heating pad 200 watts mains 
114-1 1W amplifier Mullard 1172 
115-1 Wall mounting thermostat 24V 
118-1 Teak effect extension 5” speaker cabinet 
120-2 p.c.b. with 2 amp full wave and 17 other recs 
122 - 10 mtrs twin screened flex white p.v.c. outer 
132 - 2 plastic boxes with windows, ideal for interrupted 
beam switch etc 
155 —- 3 varicap push button tuners with knobs 
188 — 1 plastic box, sloping metal front, 16 x 95mm, average 
depth 45mm 
243-2 speakers’ 6” x 4” 15 ohm 5 watt made for Radiomobile 
266 — 2 mains transformer 9V ‘2A secondary split primary so 
OK also for 115V 
330 - 2 6V 0.6V mains transformer .3a p.c.b. mounting 
350 - 40 double pole leafSwitches 
365 — 1 7uf 660V 50hz metal cased condenser 
453 - 22% in 60 ohm loudspeakers 
_ 454-22%in8 ohm loudspeakers 
_ 463-1 mains operated relay with 2 sets c/o contacts 
464 - 2 packets resin filler/sealer with cures 
465 — 35A round 3 pin plugs will fit item 193 
466 — 47 segment l.e.d. displays 
| 470-4 pc boards for stripping, lots of valuable parts 
498 — 4 1000uf 25V axial electrolytic capacitors 
504 - 1 Audax PM 8” speaker 15 ohm 5 watt rating 
515 - 100 4BA 1%" cheesehead plated screws and 100 4BA nuts 
541-1 pair stereo tape head as in cassette recorder/players 
| 546 -— 1 bridge rectifier 600V international rectifier ref 3SB100 
| 548-2 battery operated relays (3-6v) each with 5A c/o contacts 
2 pairs 
| 583 - 2 lithium 3V batteries (everlasting shelf life) 





5 AMP BATTERY CHARGER KIT. ALL PARTS INCLUDING CASE 
ONLY £5.00 BUT ADD £1.00 P&P 


OVER 400 GIFTS 
YOU CAN CHOOSE FROM 
There is a total of over 400 packs in our Baker's 


dozen range and you become entitled to a free 

gift with each dozen packs. 

A classified list of these packs and our latest 
“News Letter” will be enclosed with your goods, and you 
will automatically receive our next news leter 
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THIS MONTHS SNIP 
¥2 FLOPPY DISC DRIVES, made by the Chinon Company 


600g 

104mm wide, 162mm deep and has a height of only 32mm, 
ther features are high precision head position — single push 
loading and eject — direct drive brushless motor — Shugart 

atible interface — standard connections — | 

with most other 312 and 5‘ drives. Brand 

| copy of makers manual. Offered this month at 
28. 50 post and VAT included 


CASE - adaptable for 3” or 3%" FDD, has room for power supply 
components price only £4 includes circuit of PSU. Our Ref 4P8. 


POWER SUPPLY FOR FDD - 5v and 12V voltage 


regulated outputs, complete kit of parts will fit into case 4P8 price £8 or 
with case £11. 


MULLARD UNILEX AMPLIFIERS 


We are probably the only firm in the country with these now in 
stock. Although only four watts per channel, these give superb 
reproduction. We now offer the 4 Mullard modules - i.e. Mains 
power unit (EP9002) Pre amp module (EP9001) and two amplifier 
modules (EP9000) all for £6.00 plus £2 postage. For prices of 
modules bought separately see TWO POUNDERS. 


CAR STARTER/CHARGER KIT 

Flat Battery! Don’t worry you will start your car in a few minutes with 
this unit — 250 watt transformer 20 amp rectifiers, case and all parts with 
data case £17.50 post £2. 


MINI MONO AMP on p.c.b. size 4” x 2” (app.) 
Fitted volume control and a hole for a tone control 
should you require it. The amplifier has 
three transistors and we estimate 

the output to be 3W rms. 

More technical data will be 

included with the amp. Brand new, 
perfect condition, offered at the very 
low price of £1.15 each, or £13 for £12.00 


LIGHT BOX 

This when completed measures approximately 15” x 14”. The light 
source is the Philips fluorescent ‘W’ tube. Above the light a sheet 
of fibreglass and through this should be sufficient light to enable 
you to follow the circuit on fibreglass PCBs. Price for the 
complete kit, that is the box, choke, starter, tube and switch, and 
fibreglass is £5 plus £2 post, order ref 5P69. 


TANGENTIAL HEATERS | 


We again have very good stocks of these quiet runnng instant 
heat units. They require only a simple case, or could easily be 
fitted into the bottom of a kitchen unit or book case etc. At 
present we have stocks of 1.2kw, 2kw, 2.5kw, and 3kw. Prices are 
£5 each for the first 3, and £6.95 for the 3k. Add post £1.50 per 
heater if not collecting. 

CONTROL SWITCH enabling full heat, half heat or cold blow, 

with connection diagram, 50p for 2kw, 75p for 3kw. 


FANS & BLOWERS 

5” £5 + £1.25 post. 6” £6 + £1.50 post 

4” x 4" Muffin equipment cooling fan 115V £2.00 

4” x 4” Muffin equipment cooling fan 230/240V £5.00 

9” Extractor or blower 115V supplied with 230 to 115V adaptor 
£9.50 + £2 post. 

All above are ex computers but guaranteed 12 months. 

10” x 3” Tangential Blower. New. Very quiet — supplied with 230 to 
115V adaptor on use two in series to give long blow £2.00 + £1.50 
post or £4.00 + £2.00 post for two 


9” MONITOR 
Ideal to work with computer or video camera uses Philips 
black and white tube ref M24/306W. Which tube is implosion 
and X-Ray radiation protected. VDU is brand new and has a 
time base and EHT circuitry. Requires only a 16V dc supply 





to set it going. It's made up in a lacquered metal framework 
but has open sides so should be cased. The VDU comes 
complete with circuit diagram and has been line tested and 
has our six months guarantee. Offered at a lot less than 
some firms are asking for the tube alone, only £16 plus £5 
post. 





LOW COST OSCILLOSCOPE - kit to convert our 9” 
monitor into an oscilloscope with switched time bases to allow very high 
and very low frequency waveforms to be observed and measured. Signal 
amplitudes from as low as 10mV and as high as 1kV can easily be 
observed and measured. Ideal for servicing, also for investigating TV, 
radio and audio circuits. 

Kit containing all the parts for the conversion and the power supply to 
operate from mains £25 our ref 25P3. 


TELEPHONE LEAD 


3 mtrs long terminating one end with new BT, flat plug and the 
other end with 4 correctly coloured coded wires to fit to phone or 
appliance. Replaces the lead on old phone making it suitable for 
new BT socket. Price £1 ref BD552 or 3 for £2 ref 2P164. 


COMPACT FLOPPY DISC DRIVE EME-101 
The EME-101 drives a 3” disc of the new standard which 
despite its small size provides a capacity of 500k per disc, 
which is equivalent to the 3%" and5%” discs. We supply the 
Operators Manual and other information showing how to 
use this with popular computers: BBC, Spectrum, Amstrad 
etc. All at a special snip price of £27.50 including post and 
VAT. Data available wget tii £2, refundable if you purchase 
the drive. 


POWERFUL IONISER 

Generates approx. 10 times more IONS than the ET! and 
similar circuits. Will refresh your home, office, shop, work 
room etc. Makes you feel better and work harder - a 
complete mains operated kit, case included. £11.50 + £3 P&P. 


J & N BULL ELECTRICAL 
Dept. E.E., 250 PORTLAND ROAD, HOVE, 


BRIGHTON, SUSSEX BN3 50T 
MAIL ORDER TERMS: Cash, P.O. or cheque with order. Orders 
under £20 add £1 service charge. Monthly account orders 
accepted from schools and public companies. Access & B/card 
orders accepted. Brighton (0273) 734648 or 203500. 












NEW ITEMS 
Some of the many described in our current list 
which you will receive with your parcel. ‘S 


ASTECT.S.U. Switch mode type so very compact. Normal 230V input. Has 
3 outputs:— +5V at 3.5 amps, +12V at 1.5 amps and —5V at 0.3 amps. 
Should be ideal to drive floppy disc units. Regular price around £30, our 
price only £10 although brand new and unused. Order our ref 10P34. 


POWERFUL 12V MOTOR was intended for the Sinclair electric car. Rated 
approx % hp. Our price only £15.00. Ref. 15P8. 


BURGLAR ALARM BELL 6in. gong — ok to fix outside if sheltered from 
rain. Mains operated £8.00. Ref. 8P2. 
12V battery operated £8.00. Ref. 8P2A 


24 HOUR TIMESWITCH 16A C/O contacts, up to 6 on-offs per day. Nicely 
cased for wall-mounting. Price £8.00. Ref. 8P6. 


CAPICITOR BARGAIN Axial ended 4700 uf at 25V. Superior Jap make, 
normally 50p each, you get. 4 for £1.00 Ref. 613. 


AGAIN AVAILABLE - 12” mini fluorescerit tubes — Price £1 each. Ref. 
BD314. 


POWER PACK OR AMPLIFIER CASE - Size approx 10” x 814" x 434” 
plated steel — with ample perforations for cooling. Front panel has on/off 
switch and E.E.C. mains inlet plug with built in RF filter - undoubtedly a very 
fine case which would cost at least £50 from regular sources, our price is 
£5 each and £3 post. Ref. 5P111. 


MINIATURE BCD THUMB WHEEL SWITCH - Matt black edge switch 
engraved white on balck — gold plated, make before break contacts — size 
approx. 25mm high 8mm wide 20mm deep — made by the famous Cherry 
Company and designed for easy stacking — Price £1 each. Ref. BD601. 


EDGE METER - miniature, whole size approxx 37mm x 13mm ua fsd - 
centre zero scaled 0 to —10 and 0 to +10: Price £1 each. Ref. BD602. 


CLEANING FLUID - Extra good quality — intended for video and tape heads 
—regular price £1.50 per spray can-our Price-2 cans for £1. Ref. BD604. 


DON’T FREEZE UP! - We have had the strongest winds for over 200 years 
and who knows we may be in for the coldest winter, so if you have not 
already protected your water pipes you should do so now-—our heating wire 
wound around the pipes will do this and will cost only about 50p per week 
to run - 15 metres (minimum length to connect to 230/240 v mains). Price 
£5. Our Ref. 5P 109. 


PIEZO ELECTRIC FAN an unusual fan, more like the one used by Madame 
Butterfly, than the conventional type, it does not rotate. The air movement 
is caused by two vibrating arms. Itis American made, mains operated, very 
economical and cause’s no interference. So it is ideal for computer and 
instrument cooling. Price is only £1 each. Ref BD605. 


SPRING LOADED TEST PRODS - heavy duty, made by the famous Bulgin 
company. Very good quality. Price four for £1. Ref. BD597. 

CURLY LEAD four core, standard replacement for telephone handset, 
extends to nearly two metres. Price £1. each. Ref. BD599. 


TELEPHONE BELLS - these will work off our standard mains through a 
transformer, but to sound exactly like a telephone, they then must be fed 
with 25 hz 50v. So with these bells we give a circuit for a suitable power 
supply. Price 2 bells for £1. Ref. BD600. 


ULTRA SENSITIVE POCKET MULTIMETER — 4k ohms per volt- 11 ranges 
—carry one of these and so be always ready to test ac/dc volts to 1000, DC 
milliams and have an ohms range for circuit testing — will earn its cost in no 
time. Price only £7. Ref. 7P2. 


BLOW YOUR ROOF OFF - 140 watt speaker systems—new type you must 
not hide! they have golden cones and golden surrounds and look rally 

“Bootiful” 12” Woofer, Midrange and Tweeter and comes with a crossover 
at a special introductory price of £49, carriage paid. Two sets for £95 Carriage 
paid. 140w Woofer only £35 carriage paid. 


3% & 51% FLOPPY DISC DRIVES now in stock all are new and made by 
famous Epson company. All are double sided drives with storage capacity 
of 1 meg byte. They have standard connections and are fully compatible 
with conventional systems. Both are small size and light weight. Price — 
either model is £57.50 plus £3 post. Price includes copy operating data. 


APPLIANCE THERMOSTATS - spindle adjust type suitable for convector 
heaters or similar price 2 for £1. Ref. BD582. 


COMPUTERS 


Big consignment of computers expected various makes and 
numbers, write or phone for details. 


NOVEL NIGHT LIGHT -— plugs into a 13A socket. Gives outa surprising 
amount of light, certainly enough to navigate along passages at night or 
to keep a nervous child happy: Very low consumption, probably not 
enough to move the meter. Price £1. Ref. BD563. 

CASE WITH 13A PRONGS - to go into 13A socket, nice size and 
suitable for plenty of projects such as car battery trickle charger, speed 
controller, time switch, night light, noise suppressor, dimmers etc. 

Price — 2 for £1. Ref. BD565 

SPEAKER EXTENSION CABLE - twin 0.7mm conductors so you can 
have long runs with minimum sound loss and for telephone extensions or 
burglar alarms, bells, intercoms etc. 250m coil only £3 plus £1 post. Ref. 
3P28. 

ALPHA-NUMERIC KEYBOARD - this keyboard has 73 keys with 
contactless capacitance switches giving long trouble free life and no 
contact bounce. The keys are arranged in two groups, the main area 
field is a QWERTY array and on the right is a 15 key number pad, board 
size is approx. 13” x 4” — brand new but offered at only a fraction of its 
cost namely £3, plus £1 post. Ref. 3P27. 

TELEPHONE EXTENSIONS - it is now legal for you to undertake the 
wiring of telephone extensions. For this we can supply 4 core telephone 
cable, 100m coil £8.50. Extension BT sockets £2.95. Packet,of 500 plastic 
headed staples £2. Dual adaptor for taking two appliances from one 
socket £3.95. Leads with B.T. plug for changing old phones. 3 for £2. 
MODULAR SWITCH - Panel mounting highest quality and ideal where 
extra special front panel appearance is required, can be illuminated if 
required d.p.d.t. and latching. Price — 2 for £1. Ref. BD607. . 

WIRE BARGAIN — 500 metres 0.7mm solid copper tinned and p.v.c. 
covered. Only £3 +£1 post. Ref. 3P31 — that’s well under 1p per metre, 
and this wire is ideal for push on connections. 

INTERRUPTED BEAM KIT - this kit enables you to make a switch that 
will trigger when a steady beam of infra-red or ordinary light is broken. 
Main components — relay, photo transistor, resistors and caps etc. 
Circuit diagram but no case. Price £2. Ref. 2P15. 

3-30V VARIABLE VOLTAGE POWER SUPPLY UNIT - with 1 amp 
DC output. Intended for use on the bench for experimenters, students, 
inventors, service engineers etc. This is probably the most important 
piece of equipment you can own. (After a multi range test meter). It 
gives a variable output from 3-30 volts and has an automatic short circuit 
and overload protection, which operates at 1.1 amp approximately. 
Other features are very low ripple output, a typical ripple is 3mV pk-pk, 
imV rms. Mounted in a metal fronted plastic case, this has a voltmeter 
on the front panel in addition to the output control knob and the output 
terminals. Price for complete kit with full instructions is £15. Ref. 15P7. 
TRANSMITTER SURVEILLANCE (BUG) - tiny, easily hidden, but 
which will enable conversation to be picked up with FM radio. Can be 
housed in a matchbox, all electronic parts and circuit. Price £2. Ref. 2P52. 
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Half 


List Price 6V 16 Ah 
Sealed Batteries 


A sealed. maintenance free, lead acid gel battery, the 
EP6160 is manufactured by Elpower and delivers a massive 
6 volt 16Ah.capacity from a package measuring only 210 x 
140 x 70mm. Useful for many standby or portable 
applications, the EP6160 is suitable for deep cycling use 
and is chargeable from a constant voltage source. 


Easy 
Power 











available. 


SIEMENS V30141 300 WATT OPEN FRAME 
SWITCHMODE 

A high reliability multirail supply carrying UL and CSA approvals. Built on a rugged 
aluminium chassis the V30141 accepts 110 or 220Vac input and delivers five outputs: 


x 5V/35A * 12V/3A * 24V/3.2A * —12V/0.2A * — 5V/2A 
£30 tare 
r + £2 P&P 











All units burned in and tested 
Offered BRAND NEW & boxed 
Overall size 390 x 225 x 70mm 





REDUCED 
TO CLEAR only 

















BBC DISK INTERFACE leads, 34 way speed-bloc socket to 
34 way connector. Available in single or twin drive 













Data supplied. frequency, 50ohm o/p 


BARGAIN PRICE 










Part No. Mfr 





Description 













DAC80-CBI-V BBr FS TR Te CORIO 5c os ies concise nsovsacacsienczsvectionisnepsace £4.00 
K1135A Mota Tee Ue FO HN aloe insti cassettes susiooscanencsnigpvisncorgen £2.00 
AY-3-1270 G.L Temperature Controller ...........csccssssssssscesesseneseseees £2.00 
LD27]1 Siem ERG, Ce ONIN ois saineanondapnaconndesnotonseansecsiis £0.10 
BPX81-IV Siem Phototransistor 850MM ........csscssssssscsesssseeseseeeeseees £0.10 
DL1416 Nat Intelligent 4 Chr Ascii Display ...........c:cssscsccceesees £6.00 
MAB8031AH-12P Sig Bae ON ois csisis conninnsstssvingsaveansvsisoncgenrons £3.95 
LM350K Mota BU GP ROM TOD os csnesinsiosiescosenssvanevtornssisecsteos £2.00 
INS815-4N Nat RG Bat TAD: BG Bit Ma is cciiscsccenoscsvessnsonegesannevevey £6.00 
D8755A Int RINE FEO MMII sacihcinccnessinsciunsjssnscotnponsndivensicasnsvtai £7.00 
80188 AMD 8 Bit High integration CPU ........ccessesesseecseseeeeees £20.00 
2N6282 RCA 20A Dartington - House Coded ........:cscsssscsssssssseees £0.50 





Quantity discounts available on all the above lines. 






A range of YUASA maintenance free rechargeable Lead Acid batteries having many 
applications in portable and standby situations. Suitable for cyclic and standby use the 
sealed construction ensures long life and no electrolyte leakage. All batteries are brand 
new and available ex-stock at highly competitive prices. 







Oe TE ee £5.50 WI GE POR ee ON £10.00 
hi ah e |, | Gene Reema £7.25 OR Rl ON a asiuls £13.00 
96 Volk 2GAW Fe TN ER We RN ia acih seociecsovassetes : 





£1.00 
£0.80 
. £1.00 
£0.50 
£0.50 
£0.30 


2uF 250Vac Filmcap ACT Polycarbonate 
100/350V Erie KB411CT .00 
2200/16V Rad. Panasonic 

2200/200V Mallory CGS 

4700/16V Ax.Mull 032 

4700/63V Procond 542 


3300/50V Marcon CGF 
4700/25V Mull 050 
10000/16V Rad Nich 


We carry a full range of Ceramic, Poylester, Polystyrene, Tantalum, Electrolytic, Variable 
and Trimmer capacitors. 





A range of high reliability electromechanical timers by IZUMI DENKO. All units 240 Vac 
and have 5A contact sets RTMSP2N-Octal base, 2 contact sets, start on power-up, power 
off reset. 0-6sec, 0-210sec, 0-28hr. 













RTUM2N - 72mm square panel mount. Screw terminals. Specs as above. 0-35sec, 0-70sec, 
0-210sec, 0-7min, 0-35min, 0-210min. 

RTMSP3B -— as above but separate clutch and motor connections. Reset on Power-off 
0-12sec, 0-35sec, 0-210sec, 0-28hr. 

Application sheets available. All timers IN cisccrasasnsesecnecsepshennbdndbniyasteaosnedacnabe piibecadactbcueth 


... Stop press ... SOLAR PANELS 
12 ins x 13 ins 12 Volt 200mA output in British sunlight. 
Bargain price ... BRAND NEW £15.00 +A £2.00 P&P 


Fuselodge Ltd. 






Terms of business 





your order. 

—— Callers Welcome. 
Shop Hours: 9.00-5.30pm. 
6 days a week 


267 ACTON = 
CHISWICK, LONDON W4 SDD 


Telephone: 01-994 6275 ALL PRICES 
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Converters 


Measuring only 85 x 70 x 20mm the GSR407 converter 
delivers 7 Volts at 4 Amps from an input range of 8-48 
Volts DC. The use of modern switchmode circuitry enables 
an efficiency of 75% and the unit is protected against short 
circuit and over-temperature. Simple to use, the GSR407 is 
offered with data sheet, and full application information is 












ELMA INSTRUMENT CASES - Supplied in kit form, these 
attractive and easy to assemble enclosures are finished in 
Pacific Blue and will accept either Eurocards or modular 


dead salidénilianspibesanbbionbasenslen £15.00 
LITHIUM CELLS, Matsushita BR oe 3V, 23 x 3mm . £1.50 
























e888. WEBUY COMPONENTS FORCASH £88 
CL ea ae eee cee ee 


Cheque/PO with order. Mail Order — 
phone for details of p&p charges for 


PLEASE ADD 15% VAT TO} lamps, and new products are constantly arriving. Our technical and sales staff 


Price 
| Breakthrough! 


DC-DC 68000 


Processors 


The Signetics SCN68000 C8164 is an 8MHz 68000 cpu in a 
64 pin Ceramic DIL package. Due to its advanced design 
features the 6800 has become an industry standard in true 
16 bit processing. A scoop purchase enables us to offer this 
popular device at the unbelievable price of 


MASSIVE STOCKS 
MUST BE CLEARED 


£20 only GRESHAM LION SWITCHMODE 

+£2 P&P TRIPLE RAIL SUPPLIES 
Top quality power supplies originally manufactured for a major OEM. Three outputs on 0.156 
moles connector +5V at 6 Amps * + 12V at 4.7§ Amps - *12V at 0.5 Amps. Semi enclosed in 
an attractive black enclosure,m the units are supplied BRAND NEW with data. Input 240 Vac 


on switched IEC skt. ce 
Mitsibushi disk drives model 4853. £60 
80 track double-sided, double density. 


P&P 















each 
inc VAT P&P £3 



















. . . £L50TWINDRIVE . . . £2.50 | components. 
UM 1286 modulators - High quality UHF modulcators for } Size 317 x 140 x 240mm ONLY ........ceessssssseeteseeeeseenees £10.00 | FADERS - Metal body construction. 
interface of computer and video 75 Ohm sources to TV sets. | NEC MC5808 DBS Local Oscillator Module 10GHz ECS] 10K Lin 60mm Mono 





10 K Lin 45mm Mono centre stop 
100K Lin 45mm Ster centre stop 












COTES eG EI ioc ccciaichedsbijpoenony ois vont cgnbelinndsdeguisinsbinsvdebqurcehcnalosin edibnapouionens 
OEE) WM OU I ia ias scisvundecavcnnncbdecdbvsaeceinceh Gorsnsusekbok goepavilbloonnibaansbavecomeoeihtis 
GOULD MMG5-5, 5V at 5A 
ASTEC Power supplies 65 watt, brand new, 110/240V input, outputs +5V at 6 amps, + 12V at 
2.1 amps, +12 at 1.5 amps, — 12 at 250 Ma. Size 196mm X 96mm X 45mm. ........... Price £20.00 
POWER GENERAL 4100. 5V at 20A. +12V at 1A. —5V at 1A. plus £.2.00 p&p 
Supplied brand new & boxed with data sheet £25.00 
LAMBDA LWT-1B. 5V at 1A. +12V at 1A. Brand new miniature FET switcher, 

size 110 x 50 c 35mm. Only 
FARNELL N200. 5V at 30A. +12 V at 5A. Few omlly o........cccesscsssssscsssessssesesesssnsseneessenees 
Other switchers always in stock. Please phone for sales or technical information on our 


wide range. 
chow G30. 5V at 5A or sot at 2A, two versions 




























ELPAC SOLV 30. 12V at 4A Open frame supply. 
Brand) TUE WT OEE WHE CATE BESOTE aia csc seissscccccaceccicsicsencorssossncansssesinsoonigtnavescuecsioasssss 
ADVANCE PMG5-5. 5V at 5A 
FD Fa eS WE BP ehecesichinsacszetietinsonesictncsnsednessnoianectbsheteenanobusasenpebadibonenes 
PTV INC, Pe ks A BEL DAIN nsdn cnn desccsocestcSupnsengonsnrashjonnihinccipvovaventcsdecicanteinsvbades 
ADVANCE PMA47. Variable 0-15V at 3A 
ADVANCE PRA 88. Varisiiie O-S0V. at SA iiiccc.ceiccsssscccecesvessavssnsscnanecosseosscessessentsnseovapenss 
COUTANT ESM15. 5V at 15A. +12V at 1.5A. 12/24V at 2A, .....csssssseesseesssseseecseesneenneess 










SORE REET SHER CREE ESOS EERE E SESH SESS CE RETESET SEES SE SESE ESE SE ESS EE SHEER EES 








SANYO 103-606-2 Stepper. 2 Phase 4 pole 6V 3A 

SHINKOH 20PMA055 Stepper. 1 Phase 3 pole 28V 1.3A 

PHILIPS CONTROLS B82959 Stepper. 2 Phase 4 pole. 

14Vdc Step Angle 7.5 Deg. 27.5 Ohms/Coil 

MATSUSHITA MH 15R2C 12V Cassette Motor + regulator 

BERGER-LAHR RDM 50/8G 12 Volt Stepper Motors. 

3mm shaft. 230mA/370 per winding. Brand new stock. Only 

MOORE and REED 11MS152 11V 4phase Stepper with Portescap 80:1 reduction 
gearbox. Brand new 

DC and AC motors always in stock. 





BREADBOARDS - exciting new range of solderless proto-typing boards at affordable 
prices. 

Budget Series - 100 Tie Points - £1.70. 640 Tie Points — £5.00. 840 Tie Points — £6.50. 
Pro-Series: 400 Tie Points - £4.20. 630 Tie Points — £7.90. 1660 Tie Points — £17.80. 
PANEL METERS 600mm x 45mm. Cutout 38mm. Attractive Black/Clear plastic construction. 
Available 504A, 100A, lmA, 1A, 5A, 10A. Brand new and boxed. Only £6.00 each 
DRILLS —- Pcb drills 12 Volt Pin chuck type — £6.95. 4mm adjust chuck - £7.25. 

MAINS DRILLS - high power 4mm chuck — £24.75. Drill kits — 12V drill + bits — £28.50. 
SIRENS - 12 volt Ear Piercing 115dB output. Small £9.50. Large £11.50. Ideal Car Alarms, etc. 
FERRIC CHLORIDE - Circuit etchant Granules. Approx 250g. Only £1.65 bag. 


We also buy good working TEST EQUIPMENT, POWER SUPPLIES, COMPUTER 
EQUIPMENT, PERIPHERALS and other hardware. 

















DIE CAST BOXES. Now available, a range of25 types of Aluminium Die cast enclosures 
in standard, and some non standard sizes. Ex-stock at highly competitive prices. 

ABS PLASTIC INSTRUMENT CASES. Featuring brushed ali front and rear panels and 
flame retardant ABS construction, these two part enclosures give any project a 
professional appearance. Available in Pacific Blue and Pale Jasmine. 

TYPE ABG. 92 x 185 x 35mm............ £3.95 TYPE CBU. 153 x 178 x Slmm 
TYPE BBU. 133 x 133 x 51mm TYPE DBU. 203 x 178 x 63mm 


Please Note. This advertisement represents a fraction of our current stock. It 
would be impossible to list our vast range of electronic components and 
equipment. As a broadline distributor we have comprehensive stock of 
semiconductors (linear, logic, memory, LSI and discretes) resistors, capacitors, 
switches, opto-electronic products, connectors, potentiometers, fuses, cable, 
























are always available to handle your enquiry. 
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ingle channel per carrier, pulse code 

modulation, multiple access, demand 
assignment (spade) operations were 
begun in 1974 by twenty earth stations. 

Let us take the definition a bit at a 
time. Single channel per carrier does not 
mean only one speech channel but a 
whole lot ranging from 24 to 960 
channels. One of these ‘lots’ then 
constitutes a channel on the satellite 
link. The term channel often refers to 
different bandwidths and is an often 
abused word. Carriers with speech 
channel capacities ranging from 24 to 
960 will have bandwidths of 2.5MHz, 
S5MHz, 75MHz, 10MHz, 20MHz, 
25MHz, 35MHz. It can be seen that the 
largest, 35MHz, occupies a_ whole 
transponder of 36MHz. 

Pulse code modulation refers to the 


well known pcm technique of converting . 


analogue signals into digital signals. 
Multiple access means that more than 
one earth station can access the satellite 
as for a frequency division multiplexed 
system. The interesting bit is the demand 
assignment and an earth station is 
assigned a carrier only when it actually 
wants to transmit and not on a 
permanent basis. 


SPADE WORK 


So what is the attraction of spade 
operation? If an earth station can access 
a Satellite only when it has a message to 
transmit, then small countries with light 
traffic do not have to tie up satellite 
capacity as with pre-assigned fdm. 
However, spade equipment is expensive 
and operates as follows. 

All the signalling information (routing 
digits, duration of call etc) is separated 
from the message (speech or data) at the 
earth station terrestrial interface unit 
(tiu) before transmission. This signalling 
information is then conveyed over 
common signalling channels _ (csc) 
between up to 50 earth stations. These 
signalling channels are not assigned by 
demand but open all the time. This is 
because no breaks can be tolerated in 
the csc links, since the telephone 
exchanges must know how to route the 
call even before the speech arrives. Also, 
csc operating at 128 kbit/s is used by each 
earth station to keep in touch with the 
controlling earth station. 

At the terrestrial interface unit, the 
speech is also converted to digital form 
by pcm. At the earth station both 
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SATELLITES 


PART TWO BY MIKE SANDERS 


INTELSAT V DOUBLES ITS MONEY 


The pressures on comms satellite capacity is increasing steadily. Several 
ways of routing a greater number of signals have been worked out, 
including on-demand assignment, multiple accessing, higher-frequency 
bandwidths and carrier repolarisation. 





received speech and signalling are 
converted back to analogue form since, 
at the present time, terrestrial networks 
are mainly analogue. 

At the heart of spade operation is a 
demand assignment signalling and 
switching equipment (dass) which 
controls the setting up of calls. One earth 
station must act as control and transmit 
a reference burst. All other stations then 
transmit their bursts in an allotted time 
window in relation to the reference burst 


(Fig.1.) 


REFERENCE 
BURST 
STATION 1 
DATA 
STATION 2 
DATA 
‘ 
' 
STATION SO 
DATA 
REFERENCE 
BURST 
STATION 1 
DATA 
STATION 2 
DATA 
' 
i] 
STATION 50 
DATA 


i 


Fig 1. Spade operation 


Spade 
equipment 











Each time a request is received for a 
call, the relevant dass selects a pair of 
transmit/receive carriers and informs the 
distant earth station. Such communi- 
cation is carried out via the csc, Fig.2. 
Also, all dass units are aware of which 
carriers are free at any given moment. 
In addition dass can log the duration of 
a call as well as any faults occurring. 

Let us see how many spade channels 


_a transponder can support. We have seen 


how a 4KHz speech channel when 
frequency modulated occupies 45KHz of 
bandwidth. Therefore a 36 MHz 
transponder will accommodate 800 
speech channels. If these channels were 
in continuous operation, the 
transponder would be able to supply the 
power requirement of only half this 
number, ie 400 channels. But a speech 
channel is in use for only 40% of the 
time: only one party speaks plus gaps in 
conversation, therefore the transponder 
can manage 800 channels. 


SINGLE CHANNEL CARRIER 


Four years after spade operations 
started, there was such a heavy demand 
for data circuits building up, that single 
channel per carrier (scpc) was 
introduced. There are several small 
countries with only half a dozen circuits 
to the UK, four of which could be speech 
and two data circuits. 

Scpc is essentially the same as spade, 
except that the link is pre-assigned and 
available for use whenever the customer 
desires. Just as with spade, the carrier 
is switched on whenever there is a voice 
transmission, and to avoid losing the 
leading edge of the spoken word, a delay 
line is used, Fig.3. This delays the speech 
for a few milliseconds while the carriers 
are enabled. 

For data at 48kbit/s, SOkbit/s and 
56kbit/s there is no point in switching 
the carriers on and off and therefore the 


CARRIER ENABLED 





Fig 3. Speech detector 
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speech detector is disabled. Lower data 
speeds of 1.2kbit/s, 2.4kbit/s and 4.8kbit/s 
can be multiplexed to give a higher 
speed. There are also intermediate_rates 
of 9.6kbit/s and 19.2kbit/s for facsimile 
as well as data transmission. 

An increasing use of transponders for 
data transmission means that each 
transponder can handle fewer than 800 
channels, or the power of each 
transponder must be increased. If there 
is a heavy demand for scpc, four 
transponders on Intelsat [V an [VA can 
be switched from global to spot beam 
by ground telemetry. This is the kind of 
remote control that will be built 
increasingly into future satellites. 

The greater the number of carriers, 
the more the frequency deviation has to 
be reduced. In an fdm system using 10 
to 20 carriers, a frequency deviation of 
around 80kHz is good enough. But when 
there could be as many as 800 carriers 
on each transponder when used for scpc, 
then the frequency deviation of the 
carriers must be reduced to 250Hz to 
prevent one carrier interfering with its 
neighbours. 


ERROR CHECKING 


We have seen from Fig.1. how one 
station acts as a control and transmits a 
reference signal. This reference signal or 
pilot is used by the other earth stations 
for gain as well as frequency control. 
Then each station transmits its own burst 
in its given time window. Apart from 
containing the message being 
transmitted, each burst contains header 
information like station identification 
and synchronisation words. 

As scpc was bascially set up to cope 
with the increased transmission of data, 
we cannot leave the topic before 
considering some means of error 
correction. Forward error correction 
(fec) is obtained by converting the bit 
stream into three paths say a, b, c as in 
Fig.4. Parity can be even or odd. Parity 
is said to be even when the sum of all 
the digits including the parity bit is even. 
Similarly, odd parity can be generated. 





Fig 4. Forward error correction 





Once the parity mode has been 
decided then any deviation from this is 
an error and the receiver can request a 


retransmission. The above method of: 


taking three streams and converting to 
four is called rate % encoding and 
provides a bit error rate (ber) of 1 in 10’ 
which is desirable for data transmission. 
Rate 7% encoding is also used and the 
principle is the same as the above, ie 
one parity stream is provided for seven 
data streams. 
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Fig 5. Phase shift keying 


Now that we have generated four bit 
streams some means must be found of 
transmitting them. Quadrature phase 
shift keying, qpsk or 4psk, is a popular 
method for doing this and 8psk is used 
for the % encoder. A simple explanation 
of phase shift keying is shown in Fig.5, 
where an analogue waveform is coded 
to represent a digital stream. Any change 
in binary digits from 1 to 0 or vice versa 
is represented by a phase shift of the 
analogue wave. 

In the same way, the phase of the 
carrier is shifted in qpsk so that one can 
tell which bit stream is _ being 
transmitted. Two 2-phase modulators are 
used as shown in Fig.6a and the 46MHz 
carrier is used to alter phase as shown 
in the phasor diagram of Fig.6b. 


Tr /2 
INVERTER 


Fig 6a. OPSK 


INTELSAT V 


After Intelsat IV, came ... you’ve 
guessed it, Intelsat V and these are the 
current breed of communications 
satellite. Intelsat V was launched in 1980 
with a shape slightly different from 
earlier satellites, Fig.7. Instead of 
housing the solar cells on the cylindrical 
body, they were placed on flat panels. 

Intelsat V has double the capacity of 
Intelsat IVA, ie 25,000 voice channels 
compared to 11,000 for Intelsat IVA. 
What is more, satellite capacities have 
more or less kept pace with the 
transatlantic (tat) cables with around 400 
channels in 1968, followed by 3000 
channels in 1969 and 8000 channels in 
1977. Two channels, that is transmit and 
receive, equal one circuit. 
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Each time a new generation of 
satellite goes for greater capacity there 
are two problems to be overcome: the 
search for bandwidth and the power to 
operate this bandwidth. Intelsat Vsolved 
the problem of increased bandwidth by 
operating in the 14/11GHz range as well 
as in the 6/4GHz. In addition each of 
these carriers can be re-used if polarised. 
Increased power is obtained by placing 
the solar cells on large flat panels since 
placing them on a cylindrical shape puts 
half of them in the dark. 


MULTIPLE CAPACITY 


But to return to polarisation, an 
electromagnetic wave travelling in a 
waveguide consists of an electric field 
perpendicular to a magnetic field, Fig.8. 
Placing a sheet of dielectric material 
within the waveguide changes the 
direction of the field so that the electric 
field is now vertical and the magnetic 
field horizontal. These are called 
horizontal and vertical polarisations and 
straight away we have doubled the 
capacity of a single carrier. 

But that is not all; we can also polarise 
a waveform in a circular fashion 
providing either clockwise — or 
anticlockwise fields called right hand 
circular (rhc) and left hand circular (lhc), 
Fig.9. So using the same carrier with 
both linear as well as_ circular 
polarisations has quadrupled the traffic 
carrying capacity. 

There must be 30dB_ separation 
between polarisations in order to 


70+ 18MH2 


Intelsat V 
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MAGNETIC 
FIELO 





Fig 9. Circular polarisation 





prevent beams from interfering with 
each other and there are four types of 
beam. A global beam, as its name 
implies, covers whatever area of the 
earth is visible, a spot beam concentrates 
on areas of high traffic, and zone and 
hemispheric beams cover slightly larger 
areas as shown in Fig.10. 

The combinations of frequency and 
polarisation is shown in Table 1. 

In order to produce the complex 
patterns shown in Fig.10, the aerial 
reflector has 88 feeds, Fig.11a. But many 
feeds would block the reflector so an 
offset feed is used as in Fig.11b. The 
reflectors have less room for movement 
compared to the global horns and all are 
steered by ground command. 

The gain of each type of beam is stated 
as if the beam were being radiated in all 
directions, eg a light bulb. These gains 
are 35 dBi for the spot beam, 23dBi for 
the zone beam and 17dBi for the global 
beam (i = isotropic radiator). 


CIRCUIT MULTIPLICATION 


We have seen how a satellite is put 
under pressure to provide power during 


o-—~ ZONE 


Fig 11. 


~~ (a) Front feed 


(b) Offset feed 








data transmission compared to speech 
transmission. However, administrations 
who have paid for satellite capacity tend 
to use that capacity to the maximum. In 
a speech circuit only one channel is 
utilised since only one person speaks at 
any one time and taking pauses into 
account, the usage of each circuit (two 
channels) is only about 40%. Therefore 
using circuit multiplication equipment 
the usage of a satellite link can be easily 
doubled. Such equipment already exists 
and puts further demands on satellite 
power. 


CRYSTAL 
OSCILLATOR 


ce 
SCILLATOR Fig 13. 6/4 GHz conversion 





Fig 12. 14/4 GHz conversion 





= HEMISPHERIC 


Fig 10. Intelsat V coverage. Left to right: Indian Ocean, Atlantic, Pacific. 
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The transponders on Intelsat V have 
double the bandwidth of Intelsat IV 
transponders, ie 72MHz compared to 
36MHz. Since signals are received at the 
satellite at both 14GHz, and 6GHz, 
these are converted to 4GHz to keep 
matters simple and _ assist signal 
processing. 

Each of the spot beams at 14GHz has 
two receivers (working and a standby). 
The receiver consists of a germanium 
tunnel diode coupled into a Schottky- 
diode mixer, fed by a crystal oscillator, 
Fig.12. This is followed by a 5-stage 
preamplifier and 5-stage driver 
amplifier. 

The 6GHz is treated in much the same 
fashion, Fig.13, with amplification via a 
4-stage amplifier employing bipolar 
silicon transistors. After the mixer, the 
4GHz goes through a 4-stage preampli- 
fier and a 5-stage driver amplifier, giving 
a total gain of 51dB. There is a gain 
adjustment of 75dB which can be 
switched in or out from earth. So the 
telemetry commands are not only for 
altering the position of the satellite and 
wiggling the aerial dishes but also for 
switching between transponders and 
altering the gains slightly. At 11GHz, 
waveguide switches are used but at 
4GHz coax switches are adequate. 


RECEIVERS 


There are five receivers to cater for 
the global beam, the east and west 
hemispheric beams, the east and west 
zone beams. All these are on the 6/4 
GHz path and there are six standby 
receivers. As in Fig.12 and 13 each 
receiver is a low noise amplifier, mixer 
and several stages of amplification. The 
6/4 GHz path uses separate aerials for 
the transmit and receive directions but 
the same aerial for transmit and receive 
on the 14/11 GHz path. 

After the receiver, the signal is 
filtered. We have seen how the guard 
band was cut down from 70% to 10% in 
designing Intelsat IV. With even more 
circuits on Intelsat V there is a need to 
keep guard bands to the minimum. 
There are 60 filters made of graphite 
fibre reinforced plastic (gfrp). This 
material is lighter than invar which was 
used in earlier filter design. The Q of a 
filter is a figure of merit, the larger the 
Q, the sharper the filter, Fig.14. The Q 
of such filters is typically 10,000 and the 
filtering is so good that there is no need 
to divert the odd channels to a separate 


FREQUENCY 


Fig 14. High and low Q filters 
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Intelsat V. Photo reproduced by kind permission of British Telecommunications pic 
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aerial from the even channels. The latter 
tactic was employed on Intelsat IV in 
order to relax the limits on filter design. 


TRANSMISSION 


Having received the signal and 
processed it as described above, the 
satellite now prepares to transmit. All 
4GHz signals destined for 4GHz paths 
are-at the correct frequency, but those 
4GHz signals destined for 11GHz paths 
are up-converted. 

The final amplification for spot and 
global beams is via travelling wave tubes 
(twts) providing 8.5W _ for the 
hemispheric beams and 4.5W for the 
zone beams (both at 4GHz). At 11GHz 
(spot beam) the power is 10W. Global 
and spot beams have one standby twt 
for every one in use and the other beams 
have two standby for every three in 
service. 

The aerial tower and dishes are made 
of gfrp. This material, in addition to 
being light, is stronger than other alloys 
used in aviation. Also, gfrp has a low 
temperature coefficient, ie the 
expansion with temperature increase is 
low. This is a useful feature since the 
difference in temperature between the 
sunny side and the dark side of a satellite 
is easily a couple of hundred degrees 
celsius. The aerials are folded before 
launch and deployed only when the 
satellite has reached its final orbital 
position. 


STABILISING 


We have seen how previous satellites 
were stablilised by an internal spinning. 
Intelsat V also has a wheel spinning at 
3500 rpm, and a standby wheel, each 


weighing 15kg. The main difference is 
that Intelsat V is stabilised in all three 
planes: pitch, roll and yaw, Fig.15. 





Electric motors act on the momentum 
wheel to control the pitch. Gas jets are 
fired to control roll and yaw. For this 
purpose 12kg of hydrazine will last seven 
years. Every couple of months a little 
hydrazine is broken down into nitrogen, 
ammonia and hydrogen by passing it 
through a catalyst. This three-axis 
stability results in a craft pointing 
accuracy of +0.1 degrees. 

The 27 transponders on Intelsat V 
require about 800W of power. This is 
provided by two _ nickel cadmium 
batteries. Each battery is made up of 28 
nickel cadmium cells capable of 
supplying 34 ampere-hours each when 
fully charged. When new, the solar cells 
can supply 1.54 kWof power but towards 
the end of their lives they can supply 
only 1.16kW which is still sufficient to 
power the transponders. 





Next month Mike Sanders looks at 
Intelsat VI, aerials, and the future of 
satellites. And don’t forget — the winner 
of the PE satellite TV system will be 

‘announced. 
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ALLADINS' CA MPUTER WIC EQUIPMENT; 


gg N’T MISS THE CPM Deal 


7 DON 
vx DISTEL | OF the CENTURY 
: The ORIGINAL FREE OF CHARGE dial up data. The FABULOUS CPM TATUNG PC2000 


*base. Buy, browse or place YOUR OWN AD fore wleeliststelarel Business System 


$ goods or services A 1000's of aoe (tdi oe Son senencone peeeryentorrenmr ret Se ee ciessional 

spares and one o bargains. ate aily. s@ A cancelled-export order and months of negotiation enabies us to 0 er this professiona 

ON LINE NOW CCITT 8 bit aoe no Sanity &™ PC, CPM system, recently on sale at OVER£1400, at aSCOOP price just over the cost of 
“ : 2 / Sil the two internal disk drives!! Or less than the price of a dumb terminal! 


For 300 baud modems call 01-679 1888 

Sip re sy ries hiaealie 01-679 6183 Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR 
® PC2000 comprises a modern stylish three piece system with ALL the necessities for the 

PEED ORE CEROSER STEREOS ONS OOO S89 KY FT SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with 

Your monitor from its computer! For the THOUSANDS of proven, tested and available CPM software packages such as 

only £29.95. it becomes a SUPERB sc ysiegegbadteh FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT 

* LOUR* TV SET ‘ 
HIGH QUALITY * CO OU The central processor plinth contains the 64K, Z8OA processor, DUAL TEAC 55F 5%" 


for the owner of "7 HigRe 
LL pagaal drrrednrep he hbeadar ty tar berey ergy hg idaisrnnel tn Double sided 40/80 track disk drives (1Mb per drive), PSU, 4K of memory mapped screen RAM, disk controller, RS232, 
Made by a.major UK Ca as a TOP QUALITY, stand alone UHF CENTRONICS andsystem expansion ports, and if that's not enough a ready to plug into STANDARD8" DRIVE portforupto FOUR 


tuner and costing OVER £75 to manufacture, this opportunity to 8” disk drives, either in double density or IBM format The ultra slim 92 key, detachable keyboard features 32 user definable keys, 
ive your monitor a DUAL FUNCTION must not be missed! The numeric keypad and text editing keys, even its own integral microprocessor which allows the main Z80A to devote ALL its time to 
ELEBOX consists of a compact, stylish two tone charcoal | USER programs, eliminating “lost character’ problems found on other machines The attractive, detachable 12" monitor combines 
moulded case, containing ALL electronics tuner, power supply etc | agreen, antiglare etched screen, with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM 


to simply plug in and convert your previously de icated computer 
ply plug COLOUR® WV SET. giving a real 2.2, user manuals and full 90 day guarantee. Full data sheet and info on request PC2000 Wordprocessor System 
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monitor into a HIGH QUALI 
benefit to ALL the family! Don’t worry if your monitor doesn't have PC2000 System PC2000 Business rg read with CPM — with CPM and TEC FP25 daisywheel 
sound- THE TELEBOX even hasan integral 4 watt audio amplifier with CPM Etc. and ‘Ready to Run’ FAST Sales and printer 


COST OVER £1400 Purchase ledger, supports up to 








for driving an external speaker, PLUS an auxiliary output forsuperb 
uality television sound via your headphones or HI I system etc re) 9000 Accounts, VAT etc. 

: ey ae Bre igs ve aati of onl bn Ww On] COST OVER £1700 
5" d x 3.5” atest tecnnoilogy, manutacture, fully 

tuneable7 channel push button tuner, AutoAGC circuit, SAW filter, aire © BETS N OW rela ly e Rele) 


indi isol ly for total : 
LED status indicator, fully isolated 240v AC power supply Carriage & Insurance £12.00 — 


safety, Mains ON-OFF switch etc. Many other uses. 
LIMITED QUANTITY - DON’T MISS THIS OFFER!!! ' SURPL TKy SPECIA Ky ON adie the communications revolution with our super 
range Oo prices and specifications 
/PRESTEL - VIEWDATA - TELEX EB 


ONLY £29.95: OR £24.95 if purchased with ANY of our oe. a hotel 
: m : W wi ; to suit all applications and Duagets...... 
ton ieee Aen pe leather has PLESSEY VUTEL, ultra compact unit, slightly target BACOM sta 23 Mi P tiendard 300-300, 1200-75 
: than a telephone features A STANDARD DTMF nae '€268.00 


‘ ; Auto answer etc. 
TELEPHONE (tone dial) with 5’ CRT monitor and OM L2 Q 
COLOUR & MONOCHROME integral modem etc. for direct connection to PRESTEL rat 5 Bhsyber res 1 AiG Cia Ore Oe ier 








VIEWDATA etc. Designed to sell to the EXECUTIVE at 
; with flow control etc. £365.00 
MONITOR SPECIALS Oe EE ec ne BOXED at | DACOM DSL2123GT The CREAM of the intelligent 
fe fab da wing omy ahs oes pede cosh day ab apace da ee DECCAFAX VP1 complete Professional PRESTEL ings auto dial, auto call index, 4 Seger 
ade by the famous o. for their own professional computer | system in slimline desk top unit containing Modem, , 
system this monitor has all the features to suit your immediate and future Sane. ie oat CPU. PSU etc. rapabarad, direct to | Steebeck SBI 212 V22 1200 baud FULL ppg 
requirements. Two video inputs: RGB and PAL Composite Video, allow direct | standard RGB colour monitor. Many other features Ss ANSDATA oe auto dial | 300 b df i 
connection to BBC/IBM and most other makes of micro computers or VCR’ | include: Printer output, Full keyboard input, Cassette RA we CONS ies er £49 00 
including our very own TELEBOX An internal speaker and audio amp may be | port etc. BRAND NEW with DATA. A FRACTION OF duplex originate only, RS232 interlace assanes 
connected to computer or VCR for superior sound quality. Many other eatures: | COST only £55.00 Ex BRITISH TELECOM full spec, CCITT, ruggedised, 


PIL tube, Matching BBC case colour, Major controls on front panel, Separate | ALPHATANTEL. Very compact unit with integral FULL ; ' 
Contrast and Brightness — even in RGB mode. Separate Colour and audio ALPHA NUMERIC pvoaera Just add a pl fs TV | inh tee Soe eth RS232 aa work on 
controls for Composite Video input, BNC plug for composite input, 15 way‘D’ | receiver and you have a superb PRESTEL system and | MODEM 13A 300 baud unit only 2” high its under 


plug for RGB input, modular construction etc etc via PRESTEL the cheapest TELEX service to be | 
this Must Be ONE OF THE YEAR'S BEST BUYS. PC USER found!! Many features: CENTRONICS Printer output, | rns ae Moen ony, aiid CORDELE ToKiead 
Supplied BRAND NEW and BOXED, complete with DATA and 90 day | Memory dialling etc. Supplied complete with data and 45 subscriber end to PRESTEL TELECOM GOLD 
a mdb ONLY,£ 159,00 as above’OR IBM PC Version £165.00 DIY mod for RGB or Composite video outputs. AS | WiCRONET etc £39.95 +pp £6.50 
5 Day'‘D’ skt £1.00, BNC skt 75p BBC interface cable £5.50 NEW only £125.00 , | Sienna Soo 1200-75-baud Same Lg Hh eee gee 
DECCA 80 16” COLOUR monitor. RGB input. Post and packing on all PRESTEL units £8.50 | computer end £65.00 +pp £6.50 
| 


Little or hardly used manufacturers surplus enables us to offer this s ecial ; r BT this two part 
converted DECCA RGB Colour Video TV Monitor at a super fow ance © any FUT ALA L ET te ae. iesnous data inks at 1200 or 2400 
.00, a price for a colour monitor as yet unheard of Our own inlelate, baud using 2780/3780 protocol etc Many features 
safety modification and special 16” high definition PIL tube, coupled with the 3 pe rerpnett e-rrEplg aos as ae hy" 60 rade 2 or 4 wire working, self test, auto answer etc 
DECCA 80 series TV chassis give 80 column definition and quality found only 6116 £2.50 EPROMS 2716 $450 2732 £3.00 COST OVER £800. Our price ONLY £199 +pp £8.00 
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be 2764 £4.95 27128 £5.50 6800 £2.50 6821 £1 DATEL 4800, RACAL MPS4800 baud modem, EX 
seen to be believed! Supplied complete and ready to plug direct to a BBC BT good working order, ONLY £295.00 +pp £8.00 
MICRO computer or any other system with a TTL RGB output Other features 68A09 £8 6BBO9 £10 8085A £5.50 8086 £15 SPECIAL OFFER 
are: internal speaker, modular construction, auto degaussing circuit, attractive | 8088 £8 NEC765 £8 WD2793 £28 8202A 
aeAK CASE, compact dimensions only 52cm W x 34H x 24 D, 90 day | £22 8251 £7 8748 £15 ZBOA DART £6.50 MODEM 1G2393. Ex BT, up to 1200 baud fu 


Rees Although used, units are supplied in EXCELLENT condition. Z80A CPU £2.00. Thousands of IC’s EX STOCK op ge gf een lg: 9 9  a 2 wire line. ONL 


NLY £99.00 + Carriage. AE for list. 
send S OF NS For more information contact our Sales Office. 


DECCA 80, 16” COLOUR monitor. Composite video input Same as above COLUSA 
MATRIX PRINTERS 


model but fitted with Composite Video ae and audio amp for COMPUTER, 

VCR or AUDIO VISUAL use. ONLY £99.00 + Carr. 

REDIFFUSION MARK 3, 20’ COLOUR monitor. Fitted with standard 75 ohm i SPECIAL BULK PURCHASE of these compact, high 
Japanese 5%" halt ions 80 track double sided disk speed matrix printers. Built in Japan for the Hazeltine 






for | SSIS OLS SHOPDS. So ee. UBS and See DID VI nf ie eres. ee ars Lehr ae LY £85.00 Corporation this unit features quality construction 
cations. Supplied in AS NEW or little used condition ONLY £145.00 + Carr. TEC = B-503 Bouts Geet 40 TRK NEW £75.00 giving 100cps bidirectional, full pin addressable 
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors. SUGART SA400 SS FH 35 TRK £55.00 : — ae ae Jone. re i ue se aon) aS 
All units are fully cased and set for 240v standard working with composite video | SIEMENS FDD100 SS FH 40 TRK £65.00 bane $® Noes Sere other features. BRAND NEW 
inputs. Units are pre tested and set up for up to 80 column use. Even when | carriage on 5%” drives £5.50 ond BOXED. COST O40. Qurarice Only €199.00 


oe screen burns exist - normal data displays are unaffected 30 day | Brand NEW metal 5%’ DISK CASES with internal PSU. : 
uarantee. DSKC1 for 2 HH or 1 FH drive £29.95 +pp £4.00 
tz KGM 320-1 B/W bandwidth input, will display up to 132 x 25 lines £32.95 | DSKC 2 for1 HH Aes ‘i £22.95 ap £3.50 RECHARGEA BLE 8A TTERIES 























12” GREEN SCREEN version of KGM 320-1. Only £39.95 DKSC 3 As DSK1 LESS PSU £12.95 +pp £2.50 ; 
9” KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00 DSKC 4 As DSK2 LESS PSU £10.95 +50 €2.00 Sy Be ATEN FREE by Sonnenschein 
Carriage and insurance on all monitors £10.00 8” IBM format TESTED EX EQUIPMENT. 
SHUGART 800/801 SS £175.00 +pp £8.50 pak 48 ee : Hae olde ieee 
TWIN SHUGART851’82 Mb total capacityinsmartcase, ; A300 07191 202 6-0-6v 1.8Ah TESTED Ex 
: complete with PSU etc £595.00 Equip £5.99 
GOULD OF443 enclosed, compact switch mode supply with DC: regulated | MITSUBISHI M2894-63 8” DS 1 Mb equiv. to SHUGART 
outputs of +5v @ 5.5a, +12v @ 0.5a, —1 2v @ 0.1aand —23v @ 0.02a Dim 18x | SagsoR. BRAND NEW at £275.00 +pp £8.50 PLT Té » MINA L$ 
11 x6cm. 110 or 240v input. BRAND NEW only £16.95 DYSAN 8” Alignment disk "”"€29.00 + pp €1.00 
GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00 Various disk drive PSU's Ex Stock SEE PSU section. Standard VDU data entry terminals 
AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed ona | HARD DISK DRIVES at give away prices!! 


rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v | DRE/DIABLO Series 30 2.5 Mb front load £525.00 |QUME QVT108 arrernit 
sa . . : product, state of the art 
@ 3 amps, —5Sv @ 0.6 ot ge and +24v @ 5 amps. Short circuit and overvoltage | Exchangeable version £295.00. ME3029 PSU £95.00 [terminal _with detachable keyboard, 12’’ Green screen, 










protected. 100 or 240vA input. Dim 28 x 12.5 x7 cm NEW £49.94 DIABLO 44/DRE4000A,.B 5+5 Mb from £750.00 2 page RAM, TVI 925, Hascline, ADMSA emulations, | 

Carriage on all PSU's £3.00 CDC HAWK5+5 Mb£795.00. CDC 9762 80 MbRMOS |software setup, 25 x°80, Clock, Swivel and tilt base, 

etc. €2500.00. | Printer port, Function keys etc. BRAND NEW and 

{OP Fa) PERTEC 03422 5+5 Mb £495.00 | BOXED AT ALMOST HALF PRICE Only £425.00 

A ‘ alka Manufacturers BRAND NEW surplus. Ht oY br ge aber? from £1 in CALL |AJ510 ~ EX RENTAL, Z80 controlled, 15) green 

DEC LA34 | — earance items-— Sold as seen- No guarantee. screen 24 x 80 display, graphics, cursor addressing, 

“eral pea gic creetiona ote £34.95 i aterm dnobs scuba ICL 2314 BRAND NEW 14” Mb Removable pack hard | printer port etc. Very good condition TESTED complete 
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB disk drive, cost over £2000 with data ONLY £99.00 |with manual only £225.00. ‘4 

with 116 keys Many features such as On board Micro, Single Sv rail, full ASCII BASF 6172 8" 23Mb Winchesters £199.00 |ADDS 520 - Dumb terminal, used, 12” b/w screen 

coded character set with 31 function keys, numeric keypad, Cursor pad Unless stated all drives are refurbished with 90 da RS232_ interface and _ printer port. TESTED. 

eeet and 9600 baud SERIAL TTL ASCII OUTPUT! Less than half price guarantee. Many other drives and spares in stock - call | ONLY £125.00. Carriage on terminals £10.00 
100's of other terminals in stock, CALL for more details. 
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__ Only £69.00 with data Carriage on Keyboards £3.50 sales office for details. 


All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00. 
Minimum Credit Card order£ 10.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universities and 
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri 
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export 


32 Biggin Way, Upper Norwood, London SE19 3XF “| 
Telephone 01-679 4414 Telex 894502 Data 01-679 1888 *& 
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STAN WILLETTS 


DEPT P.E., 37 High St, West Bromwich, West Midlands B70 6PB 
Tel. 021 553 0186 


Radio, Television, Electronic Components, Aerials, TVs, Amplifiers, Videos, Multitesters, Intercoms. 


TRADE ENQUIRIES INVITED 



















V2000 VIDEO FILMS Brand New & Boxed (VCC180 & VCC240) 3 


GRUNDIG 2&4 SUPER STEREO VIDEO RECORDERS 
TOF S10 FOREFOOT i eo ee ea P&P £1.50 ) 


ocdecakdnoepvevessahsih cuanaplonansiive lecedielvocse' canlaceretole becroicicel’ £79.50 & £89-50 
Callers only. Demonstrations a pleasure. 












GRUNDIG INFRA-RED REMOTE CONTROL SYSTEM VIF-K1 
consist remote control TRANSMITTER TPV 355 and the remote 
control RECEIVER VIF-E1 complete with battery. BRAND NEW 


gc dh nal a ETE ET MER LCS GET pCR Ra ct £4-99p P&P £2 
VIF-E1 Infra Red receiver only Boxed in ten’s .......... £9-99 £3-50 















AG 


VIF-K1 





GRUNDIG 440 REMOTE CONTROL (cable) 8 metres 10 core cable. 
Brand New & OKO iciscsisnsaniniitivonteasuwncssapsbecs £1-99 P&P £1-99 












DATEX 20/64 DATA RECORDER suitable for use with 
COMMODORE VIC 20 & VIC 64 all tested working in original 
boxes (Manufacturers returns) ......... £9-99, faulty £5-99 P&P £2 


UNIVERSAL NI-CAD BATTERY CHARGER, 
CHARGES 4x HP2-11-7 & 1 PP3 brand new 
COMINGS cael eR £4-95 P&P £2 
RECHARGEABLE BATTERIES HP7-85p, HP11 
£1-69, HP2 £1-99 P&P 20p each. 








GRUNDIG 2+4 SUPER (Stereo Panels) CROMA, SERVO. DFT. 
VIDEO Stereo/Ton Motorboard. Scanning Board. All ........ £4.95 
each P&P £1 


PRP MMNTNEGIA, csssdpincacuindinacsistdeicalctasiescde bs dicezccbkecacks £19.95 P&P £3 
RAPE TORIIG sssida sass sik piadte nagavnabdpapinsinsicsdccce, cikécacects £7 P&P £1 
Dg Bh) Leer Re MIE e 8 thy 2h AR anes eT £9.95 P&P £1 
HEAD ASSESMBLY COMPLETE WITH HEADS ........ £25 P&P £4 


GRUNDIG CFB190 camera lead (7 metres) 6 core cable brand 
BOW RC UGNO fac ica ees ee be et £ 





































Fi issietaubuos bye ptceuian schon chai: £12-99 P&P 50p 
T SRP £15 our pricce brand 


















| : ™ OW Se ON so a iscitenscclocigh ee Na ie. £7-99 P&P 50 
GRUNDIG TELEVISION battery lead 412 metres with car cigarette 3 : 
lighter plug. CHRONO ALARM LCD WATCH ull makers 12 
Brand FOUN isha dinn sith cnsspntechscpindytasdeerieoesecavs tacts seesvenisuagones 75p P&P 50p mente guarantee brand new & boxed ........ £2-99 
P&P 50p 






A/C mains Adaptor input 240v, Output 3-4 5-6-7.5-9- 
Meg M4 i 300 M/A £4-99 P&P 50p 750 M/A £6-99, 
CAR POWER SUPPLY 12v D/C to 3-4, 5-6-7.5-9-12V 
Oe td Tr Giri REC Se teh 8 AAI £3-99 P&P 50p a 
DESOLDERING PUMP all metal body TEFLON 
NOZZLE 20 (dial X195 m/m ........... £2-99 P&P 50p 
SOLDER 18 SWG 3-core (BS219) 60/40 12 KG reel 





















PANEL METERS construction moving iron (other types in stock) 
AMMETERS 10-450 v approx. 25 AMP & 40 AMP AC or DC... £2-00 
P&P £1-50 (other sizes) whch Ab ahsthiibeednuphaied eWLbi pitutbabasbelias sichesadesdecénis £7-99 P&P £1 © 
SamTUTEX D2 ROO OI fiiccliodas es scclssanvesendveteocccesceoscascs £2-00 | VHS VIDEO RECORDERS FERGUSON 43 FUNCTION 
PY RC Te A eT ake 10 | with full remote control £195 many others in stock 
from £79 please ring. 


WE ARE INTERESTED © 
IN PURCHASING ALL TYPES OF STOCK — 
PLEASE RING STAN OR BOB 
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N last month’s article six simple circuits 

were described for monitoring 
temperature, light levels, rain, soil 
moisture and wind speed and direction. 
All are capable of being monitored by 
a voltmeter via a switch and individual 
connecting leads. 

In part two this month an automatic 
control circuit will be described that will 
multiplex the control and reduce the 
connecting lead count to just three 
wires. 


AUTOMATIC CONTROL 


So far we have described the six 
detectors, and shown that they can be 
monitored directly by a manually 
operated switch. I shall now describe the 
circuitry that will put the monitoring 
under full automatic control. At the 
same time the number of connection 
leads can be cut down from eight to just 
three. Two of these are the power lines, 
and one is the data line common to all 
detectors. A block diagram is shown in 
Fig.16. 


MULTIPLEXING 


In order to monitor six remote circuits 
along a single data line, some form of 
coding is needed to determine which 
circuit is being monitored at any 
particular moment. There are several 
options from which one could choose. 
In these days of digital control for 
practically everything, binary coded 


CONTROL & MONITOR 


EXTRACTOR 


SYNC 
EXTRACTOR 


Fig 16. Block diagram for the detectors, control and monitor circuits 
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PART TWO BY JOHN BECKER 


SOLVING THE MISTRAL 


In part 2 of PE’s multiple meteorological metering, all our efforts are in 
vane, as we get the wind in our sails and convert breezes into binary. 


data processing techniques are probably 
the most obvious method. However, I 
decided instead to explore and exploit a 
simiple frequency controlled analogue 
multiplexing method in conjunction with 
a clocked gate circuit. | 

Basically, this involves sending a 
frequency modulated pulse from the 
control unit down the line to a 
demodulator. This extracts the pulse 
which then steps a counter on by one 
place. Each counter condition is 
regarded as the address of a particular 
analogue gate connected to the detector 
to be monitored. When the gate is open 
the detector output voltage level. passes 
through the gate, back along the line to 
the controller, where it can be moni- 
tored. Monitoring can be made directly 
by a voltmeter, or alternatively sent to 
a computer via an analogue to digital 
converter. 

Inevitably, the circuit has to be a little 
more complex than this as several other 
factors have to’ be allowed for. The 
principal one is that of synchronising the 
signals in some way so that we know 
which detector is being monitored. The 
second is to ensure that the frequency 
pulses are not processed and displayed 
as monitor levels. 


PULSE MODULATION 


At the control end we first need two 
oscillators. One generates a high fre- 
quency carrier signal, and the other is a 
low frequency clock that switches the hf 
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on and off the line. 

In Fig.17, both oscillators are derived 
from similar circuits in which the 
different frequencies are set by the 
component values selected. The hf 
oscillator is formed around IC8d and 
IC8e. The frequency is determined by 
C13 and the total resistance of R57 and 
VR7. The latter presets the carrier 
frequency to match the needs of a 
demodulator at the detector end. 

The clock generator is formed around 
IC8a and IC&b, with its time constant 
set by R53 and C12, running at one pulse 
every two or three seconds. The output 
is buffered by IC8c, which also serves 
as a gate that can be manually switched 
off by S1 to hold the multiplexed gate 
open to a particular detector for closer 
examination. 

The clock is fed to the decade counter 
IC9, six outputs of which are coupled to 
leds. These visually indicate which state 
the count is at, and thus which detector 
is being monitored. We shall presently 
see how synchronisation is achieved. | 

The clock is also fed via S2 to IC8f 
which gates the hf frequency on and off, 
a high clock output inhibiting it. The 
pulsed hf signal is smoothed slightly by 
R59 and C14, and then, via R60 and 
C15, goes out along the data line to the 
detector unit. There it is passed to a filter 
consisting of IClc and its associated 
components. This filter is set to only 
respond to the hf clock frequency, from 
which it extracts the clock pulse. The 


DETECTOR UNIT 


q PULSE ae ADDRESS a 
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band pass range is predetermined by the 
values of C7 and C8, but the optimum 
response is controllable by varying the 
carrier frequency by means of VR7. 
The filter output passes via D9 to C10 
and the comparator ICld. Between 
them D9 and C10 provide an envelope 
duration control to minimise the risk of 
the following stage being triggered by 
short duration interference from other 
circuit operations. As the charge on C10 
rises above the comparator threshold 
level set by R49 and R50, the compara- 
tor trips and its high going output sends 
a clock pulse to the address counter IC6. 


MULTIPLEXED GATE 


IC6 is a binary ripple counter the first 
three outputs of which provide the code 
that controls the multiplexed gate ICS. 
This has eight inputs and one output. 
Each input can be switched individually 
through to the output in response to a 
particular binary address code. One 
input is not used and so is grounded. Six 
of the others are connected respectively 
to the outputs of the detector circuits, 
G1 to G6. The address counter thus 
selects which detector is to be put on 
Be. o>. 

Since ICS is an analogue gate, the 
voltage level from the selected detector 


passes through the gate output to the — 


data line via R40. This resistor prevents 
IC5 from being adversely affected by the 
clocked hf pulse. Although R40 is con- 
nected to IC1c, the filter will not be 
affected by the detector voltage levels. 


ANALOGUE EXTRACTOR 


Once the clocked hf pulse has ceased, 
the detected dc level passes back along 
the data line to the analogue data 
extractor around IC10a and IC10b. The 
extractor has been oblivious to the hf 
pulse due to the simple hf filter 
consisting of R62 and C16. The dc data 
voltage though, goes through the buffer 
IC10a, to charge up C17 via D13. The 
latter two also help to filter out any 
residual hf signal interference; IC10b 
buffers the stored dc voltage and makes 
it available for monitoring by a meter or 
an analogue to digital converter. 

The meter may be any external dc volt- 
meter, or the meter shown. This is a 
100A meter, the current through which 
is set by R64 and VR8, the latter adjust- 
ing the current for full scale meter 
deflection when IC10b has its highest 
output level. D14 simply protects the 
teter against incorrect setting of VR8. 


SYNCHRONISATION 


So that we know which detector is 
being monitored, synchronisation of the 
status counter IC9 and the address 
counter IC6 is required. Another hf 
oscillator is the source for this sync 
signal, and its output is gated onto the 
data line every eighth clock pulse. 
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The oscillator is formed around IC4a 
and IC4b, with a frequency set by C4 
and tunable by VR6. The output fre- 
quency is outside the pass band of the 
filter IClc, and so is ignored by it. 
Similarly, the filtering around IC10a and 
IC10b eliminates it from the analogue 
data monitor circuits. 

Instead, it passes to a sync pulse 
extractor filter around IC10c and IC10d. 
Needless to say perhaps, this filter is 
tuned to ignore the hf clock pulses. Its 
pass band is set to allow the sync pulse 
frequency through D15 to charge up 
C20, and on to the comparator IC10d. 
Once the sync pulse has been recog- 
nised, IC10d triggers upwards, sending 
a reset pulse to the status counter IC9 
via R73. The pulse is also available for 
sending back to a monitoring computer 
via R74. Since the psu on this part of 
the circuitry has both positive and 
negative lines, the negative going 
content of the pulse is removed by D16 
and D17. 

As IC9 is automatically reset on each 
cycle, the leds LP6 to LP11 indicate 
which detector is currently being 
monitored and displayed on the meter. 
The sampling rate is slow enough for 
easy observation of the levels and the 
leds. S1 allows the cycle to be halted for 
closer examination of a particular 
function detector output. 


POWER SUPPLY 


Although the detector circuits can 
quite readily be run from a battery, it is 
more convenient to have the whole 
system operated from a mains power 
supply. There are three requirements 
here; a split level of £5V to power the 
monitor circuits, and at least +5V for 
the detectors. The latter could run from 
a higher psu level, but circuit control is 
made easier by keeping the detector and 
monitor positive supplies at similar 
levels. 

The length of the cable going from the 
control unit to the detector unit out in 
the garden somewhere requires that 


(DETECTOR 
CIRCUITS) 
IC7 


1N4005 


Fig 18. Mains driven power supply 


stabilisation of the detector supply 
should be at the detector end. Fairly high 
currents are drawn by the detector, 
largely because of the consumption by 
the leds. A long length of cable will of 
course introduce a significant resistance 
factor into it. With the currents drawn 
this resistance could cause fluctuations 
in the supply level at the end of the cable. 
Consequently, the detector has been 
given its own rectification and stabilisa- 
tion circuit. 

In Fig.18, transformer T1 is common 
to both detector and monitor units. The 
second and third wires of the three core 
cable going out to the garden carry the 
ground line, and the raw 9V ac from T1. 
In Fig.17, D10 and C11 rectify and 
smooth the power, then IC7 regulates it 
down to +5V. Back at the control end, 
+5V is produced via IC11 and the 
associated components, and —SV is 
rectified and regulated by D19 and D20. 
Basically only IC10 needs the —5Vlevel, 
and as it draws very little current, full 
stabilisation by a separate regulator is 
not necessary. 


PRINTED CIRCUIT BOARDS 


There are two pcb designs, Figs. 19 
and 20, which as well as containing the 
main detector and control circuits 
respectively, have additional sections on 
them that are removed and used separ- 
ately. On the detector pcb in Fig.19, the 
rain probe tracking should be removed, 
and this will be mounted outside the box. 
The control pcb in Fig.20 in part three 
additionally holds the little sub-assembly 
boards for status, wind speed and 
direction leds. These too should be 
removed, and trimmed accordingly. 

If the detectors are to be used with a 
manually switched meter, IC4 to IC7 and 
their associated components should be 
omitted, as should the components 
associated with IC1c and IC1d. Connec- 
tions to the meter switch are then made 
at points G1 to G6 marked on the pcb 
layout diagram, omitting the link wires 
shown at those points. The battery con- 


+5V 
(CONTROL 
CIRCUITS) 


-5V TO IC10 
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Fig 19. Detector printed circuit board 


nections are made with +V at arrow 6 
and OV (battery negative) at arrow 8. 
The three sub-assembly sections on the 
control board will need to be made 
separately, either as shown, or on 
Veroboard. 

The control pcb in Fig.20 also has IC12 
and associated components on it. This is 
the D-A converter needed for the 
optional computer control to be des- 
cribed next month. It may be omitted if 
you do not intend to use a computer. 


COMPUTER CONTROL 


So far we have progressed from simple 
direct meter monitoring of the detectors 
in part one, through to remote 
monitoring via automatic control cir- 
cuitry in part two. We can now look at 
how simply the unit can be put under 
computer control. ~ _ 

Although the example I shall give was 
destined for control by the Commodore 
Pet computer, the circuitry is suitable for 
use with any computer having an 8-bit 
control port, such as a Centronics, 
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* Nore C11 
MOUNTED 
VERTICALLY 


IEEEF488 or User port. The progam list- 
ing is directly usable with the Pet, and 
additional information is given for 
modifying it for use with the Commo- 
dore C64 or the BBC-B. While neither 
PE nor I can offer information on 
converting the program for use with 
other machines, it should not be difficult 
to make the necessary changes in con- 
junction with your own machine’s hand- 
book. Principally, it is the address codes 
for the port control that will need 
changing. 

All that the computer needs to do is 
to send out a trigger pulse on one of its 
port lines, read back a binary number 
from the analogue to digital converter 
about to be described, and then display 
the data on the screen. The display can 
simply take the form of decimal 
numbers, relating to the detected 
voltages monitored. It could also be 
made more sophisticated in a fashion 
similar to my own display. A third option 
is also open to exploitation — that of 
writing in correction factors to compen- 
sate for non-linearity in the detectors. 


100k skeleton (2 off) 
Bk skeleton 
10k skeil 





— k skeleton _ 
300 skeleton 








__[R-detectors (5 off) | 
 FACH ~~ 
0 





c socket (3 off), pcb 275A. 








Performing such corrections in software 
is much cheaper than using precision 
designed circuits; a point that Robert 
Penfold makes in his Real World Inter- 
facing articles in February and March 
this year. 

First, we switch out the clock genera- 
tor IC8a-c, in Fig.17 last month, and 
connect IC9 and the hf gate to one 
computer line. S2 does this, and I chose 
to use the ATN line of the computer to 
send the trigger pulse at regular 
intervals. The multiplexed control for 
the detectors does not care where the 
control signal originates, so the trigger 
and data return routines still continue 
as before. 


FRONTAL SYSTEM 


Part three next month will continue 
the computer control description and 
illustrate how the detector and control 
units are housed. Derek, our artist has 
also done some nice drawings of the final 
mechanical details, and the gantry on 
which the detectors are mounted. Till 
then, keep warm and dry. ms 
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BURGLAR ALARM 


CONTROLLERS 
DETECTORS DETER DELINQUENTS 


MULTIZONE CONTROL 
(PE) SET280 £22.77 


Two entry-zones, anti-tamper loop, personal attack, 
entry-exit timing, timed duration, automatic resetting, 
latching LED monitors. 


SINGLE ZONE CONTROL 
(PE) SET279 


£9.32 


With timed duration control and latching LED monitor. 


Both units can be used with any standard detection 
devices, such as contact or magnetic switches, 
pressure pads, tremblers, ultrasonics, infrared etc, and 
will activate standard bells, strobes or sirens. 





CHIP TESTER (PE) SET258F £39.30 


Computer controlled logic and chip analyser 


CHORUS-FLANGER (PE) SET235 £59.99 


Mono-stereo. Superb dual-mode effects. 


CYBERVOX (EE) SET228 £44.76 
Amazing robot type voice unit, with ring-modulator and 
reverb. 


DISCO-LIGHTS (PE) SET245F £62.50 
3 chan sound to light, chasers, auto level. 
ECHO-REVERB (PE) SET218 £57.66 


Mono-stereo. 200ms echo, lengthy reverb, switchable 
multitracking. 


MUSIC, EFFECTS 
COMPUTER AND 
SECURITY KITS 


% POPULAR PROJECTS FROM A LEADING AUTHOR 


EPROM PROGRAMMER 

(PE) SET277 £25.25 
Computer controlled unit for 4K Eproms. 

EVENT COUNTER (PE) SET278 £31.50 
4-digit display counting for any logic source. 
MICRO-CHAT (PE) SET276 £64.50 
Computer controlled speech synthesiser. 
MICRO-SCOPE (PE) SET247 £44.50 
Turns a computer into an oscilloscope. 
MICRO-TUNER (PE) SET257 £55.32 


Computer controlled, tuning aid and freq counter. 


MORSE DECODER (EE) SET269 £22.16 


Computer controlled morse code-decoder. 
POLYWHATSIT! (PE) SET252 £122.69 


Amazing effects unit, echo, reverb, double tracking, phasing, 
flanging, looping, pitch change, REVERSE tracking! 8K 
memory. 


REVERB (EE) SET232 


Mono, with reverb to 4 secs, echo to 60ms. 


RING MODULATOR (PE) SET231 £45.58 


Fabulous effects generation, with ALC and VCO. 


STORMS! (PE) £29.50 each unit 
Raw nature under panel control! Wind & Rain SET250W. 
Thunder & Lightning SET250T. 


% COMPUTER KITS 
The software listing published with the computer kit projects 
are for use with C64, PET and BBC computers. 


MANY MORE KITS IN CATALOGUE 
KITS include PCBs and instructions. Further details in 
catalogue. PCBs also available separately. 


£27.35 





LOW COST 
GEIGER 
COUNTERS 


NUCLEAR FREE ZONES? 
CHECK THEM OUT — 
GET A GEIGER 


Detectors for environmental and geological monitoring. 


The PE Geiger was shown on BBC TV “Take Nobody’s 
Word For It” programme 


METERED GEIGER (PE MK2) 


Built-in probe, speaker, meter, digital output. Detector 
tube options — ZP1310 for normal sensitivity. ZP1320 
for extrasensitivity. 

Kit-form — SET 264 — (ZP1310) £59.50, (ZP1320) 
£79.50 


GEIGER-MITE SET271 £39.50 


Miniature geiger with ZP1310 tube, LED displays 
radiation impacts. Socket for headphones or digital 
monitoring. 
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DETAILS IN 
CATALOGUE 





Send SAE for detailed catalogue, and with all enquiries (overseas 
send £1.00 or 5 I.R.C.’s). Add 15% VAT. Add P&P — Sets over 
£50 add £2.50. Others add £1.50. Overseas P&P in catalogue. 
Text photocopies — Geigers 264 & 272 £1.50 each, others 50p, 
plus 50p post or large SAE. Insurance 50p per £50. MAIL ORDER, 
CWO, CHQ, PO, ACCESS VISA. Telephone orders: Mon-Fri, 9am 
— 6pm. 0689 37821. (Usually answering machine). 


PHONOSONICS, DEPT PES84, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. MAIL ORDER 


AUDIOKITS Precision Components 





The Virtuoso Power Amplifier 
Build this superb high performance amplifier 
Full circuit description in 
Electronics Today International April-June 1988 
Complete kits or all parts available from Audiokits 
100 watts stereo, 150-250 watts bridged mono 
also available in /arger black case 


CAPACITOR SALES 


1-9 10-24 25-99 


Polyester, Polycarbonate, etc. 
2n2 «630v) = 10p_~—Ss Bp — sp 
5% 25p 15p 12p 
25p 15p 12p 
5% 25p 15p 12p 
15p 15p 10p 


AUDIOKITS 


20p 20p = 12p 

35p 30p 25p 

£1.00 80p 60p 

400V 50p 40p 30p 

MKC £3.60 £3.00 £2.50 
MIN VOLTAGE 63V 


£2.00 


Access Please send 9” x 6” SAE for full range of 
AUDIOKITS COMPONENTS & KITS to 


AUDIOKITS, 6, MILL CLOSE, BORROWASH, DERBY DE7 3GU. 


TEL. 0332-674929 
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74LS SERIES 


74LS00 
74LS01 
74LS02 
74LS03 
74LS04 
74LS05 
74LS08 
53p 74LS09 
52p 74LS10 
74LS11 
74LS12 
74LS13 
74LS14 
74LS15 
74LS20 
74.821 
74LS22 
74LS24 
74LS26 
74LS27 
74LS28 
45p 741830 
74LS32 
74LS33 
74LS37 


74LS38 
74LS40 
74LS$42 
74LS47 
74LS48 
74L$51 
74LS54 
74LS55 
74L$73 
74LS74 
74LS75 
74LS76 
74LS78 
74LS83 
74LS85 
74LS86 
74LS90 
74LS91 
74LS$92 
74LS93 
74LS95 
74LS96 
74LS107 
74LS109 
74L$112 
74L$113 
74LS114 
74L$122 
74LS123 
74LS124 
74LS125 
74L$126 
74LS132 
74L$133 
74LS136 
74L$138 
74LS139 
74LS145 
74LS147 
74LS148 
74LS$151 
74L$153 
7418154 
74LS 155 
74LS 156 
74.8167 
74LS158 
74LS160 
74LS161 
74LS162 
74LS163 
74LS164 
74LS165 
74LS166 
74LS168 
74LS169 
74LS170 
74LS174 
74LS175 
74LS190 
74L$191 
74L$192 
74LS193 
74LS194 
74LS$195 
74LS196 
74LS197 
74L$221 
74LS240 
74LS241 
74LS$242 


74LS243 
74LS244 
32p 74LS245 
56p 74LS247 
74LS248 
74LS249 
74LS251 
7ALS253 
74LS256 
74LS257 
74LS258 
74LS259 
74LS260 
74LS266 
74LS273 
74LS279 
74LS280 
74LS283 
74LS290 
74LS293 
74LS365 LM317T 
74LS366 LM323K 
74LS367 LM723 
7ALS368 78HGKC 
74LS373 78HOSKC 
74LS374 78H12KC 
74LS375 78GUIC 
84LS390 79GUIC 
74LS393 79HGKC 


74LS399 
VOLTAGE 
REGULATORS 


74LS629 

74LS641 
7805 35p 
7812 35p 


74LS642 


7815 
7818 
7824 
7905 
7912 
7915 
7918 
60p 7924 
60p 78L05 
78L12 
78L15 
340p 78118 
78L24 
79L05 
45p 79112 
79.15 
7818KC 
7824KC 
LM309K 
LM317K 
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74LS644 
74LS645 
74LS670 
74LS674 
74LS687 


COMPUTER 
ICS 

2114 
2532 
2716 
2732 
2732A 
2764 
27C64 
27128 
27256-25 
41256-15 
256DRAM 
4116 
4164 
6116 


3333 


AY3-1015 
AY5-3600 
SPO256AL2 
Z80ACPU 
Z80BCPU 
Z80ADMA 
Z80APIO 
Z80BPI0 
ZBO0ACTC 
Z80BCTC 
Z80ASIO 
Z80ASIO-1 
Z80ASI0-2 
Z80ADART 
748188 
748189 
748201 
748287 
748288 
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LED 3mm RED 
LED 3mm YEL 
LED 3mm GRN 
LED 5mm RED 
LED 5mm YEL 
LED 5mm GRN 
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PLEASE PHONE US FOR TYPE NOT 
LISTED HERE AS WE ARE HOLDING 
3000 ITEMS AND QUOTATIONS 
748289 ARE GIVEN FOR LARGE QUANTITIES. 
748387 Please send 70p P&P and VAT at 15%. 
75107 Govt. Colleges, etc. Orders accepted. 

Quotations given for large quantities. 
75108 Please allow 7 days for delivery. 
75109 All brand new Components. 
75110 80p All valves are new and boxed. 


75112 
78113 GRANDATA LTD 
75114 9 THE BROADWAY, 

75115 PRESTON ROAD, 

75121 WEMBLEY, MIDDLESEX, 
75122 ENGLAND 

75150 


SoS P PEPER ESE SIE SS & 


SESSSSSSSTSSSSSSSESTSSRSHSRSSES SHIHF ESSE SE 
$889832 


Phone: 01-904 2083 & 904-1115/6 
Telex No: $32 885 (Sunmit) 
75154 Access & Barclaycard accepted. 

75158 Open Monday to Saturday. 
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UNLIMITED” 


A selection of novel ideas 
BY ENTHUSIASTIC READERS 





Spectrum Hardware Restart/ 
ROM Select 


HE original Spectrum ‘Hardware Re- 
start? circuit by R. Macfarlane, 
published in the March 1986 issue of PE, 
provided a simple means of breaking 
into Spectrum program loops when the 
Break key has been disabled. This is 
particularly useful when developing 
Machine Code routines, since if the 
program enters a loop without an exit, 
the only other recourse is to pull the 
plug and reload the software. However, 
I found that the original circuit as 
published could not be used in 
conjunction with rom based software, of 
the ‘plug on the back’ variety. 

I have particularly useful machine 
code assembler which is supplied in an 
eprom, and simply plugs onto the rear 
port of the Spectrum. It overrides the 
Basic rom by tying the Spectrum romcs 
line high. If this rom cartridge is used 
along with the Restart circuit, the 
Restart cannot momentarily disable the 
assembler rom as required, and a state 


of contention arises on the buses. 
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IC1 -74LS132 IC8-74LS32 
102,4,5 - 74LS74 
IC3 - 74121 
IC6 - 74128 
IC7 - 74LS00 
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incorporates them into the Restart 
circuit, whilst providing a panel mounted 
switch to select the operating system 
required. Looking at the circuit diagram, 
and comparing it to the original, the 
Restart timing part is essentially 
unchanged — a few gate alterations were 
made to incorporate the new features, 
and to reduce the package count. The 
main new feature is the inclusion of IC9 
and IC10 on the board. IC9 is the Basic 
rom itself, as supplied with every Sinclair 
Spectrum. In most machines, this 
appears to be in a socket anyway, but if 
soldered in, a little desolder wick will 
ease removal without damaging the 
delicate pcb tracks (though it will 
probably negate any guarantee. Ed). 
IC10 is a 16k byte rom containing the 
alternative software, the assembler for 
instance, taken from the plug-on 
module. [C11 is the original Restart 
prom, as described in the article. The 
idea is that all the circuitry shown is on 





This modified version of the original 
design overcomes this problem, and 
offers other advantages. This circuit 
takes the Basic rom and any other 
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auxiliary roms such as an assembler, and . 
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a new circuit board mounted above the 
main Spectrum board using pillars. 
Obviously, this will not fit into the 
original Sinclair casing, but then most 
serious Spectrum users seem to have 
rehoused their machines in larger ‘real 
keyboard’ cases anyway! The numbered 
connections to the right of the circuit 
correspond to the pin numbers of the 
Basic rom socket in the Spectrum itself. 
If a ribbon cable, terminated in a 28 pin 
dil header plugged into the Spectrum 
rom socket, is used to form these inter- 
connections, only two other wires need 
to be used to complete wiring up, these 
being M1 and reset, made directly to the 
Spectrum’s Z80 or alternatively to the 
edge connector. Of course a rear 
mounting edge connector arrangement 
could be used for all of the bus 
connections, as in the original article, 
but using the dil header proves to be 
very neat and reliable. 

Switch S3 acts as a selector for the 
rom software. To select a rom, its 
appropriate output enable pin, pin 22, 
must be driven active low. This occurs 
when the Spectrum makes pin 22 (RD 
strobe) and pin 27 (romcs) of its rom 
socket both active low, checked via IC8b, 
and when S3 transfers this signal via 
IC8a or IC8c to one of the roms, whilst 
disabling the other. Address line A3 of 
the Restart prom is derived also from 
S3, and this allows the Restart addresses 
in IC11 to be individually selected for 
each rom, similar to switch bank S3 in 
the original design 

Extra logic, in the form of IC7, 
provides a further feature. If S3 is a 
break-before-make switch, the output of 
IC7c flicks low momentarily each time 
the switch is altered, since its inputs both 
go high during the transition. This, via 
IC7a and IC6, produces a system reset 
pulse, to ensure that when the selected 
rom is changed, the newly enabled 
software starts executing at its reset 
vector. Note also that D1 has been added 
to ensure the reliability of an automatic 
reset at power-up, even if the supply is 
only momentarily interrupted. 

Finally, if desired, the circuit can be 
simply expanded to cater for as many 
extra roms as needed, by expanding S3 
and providing more versions of I[C8c, 
and adding more inputs to IC7c. 

G. Durant, Cambridge. 





High Reliability Pulse Feeder 


HE author was recently asked to 
produce a distribution system which 
had to distribute four feeds of 2 MHz rf 
carrier over long 752 coaxial lines. The 
signals were 8V P-P with fast rise and 
fall edges of 50ns. A feature of the system 
was that it had to be highly reliable. 
It was decided that the distribution 
amps would operate in parallel for 
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Stereo grannyphone interface 


increased reliability , and that two wired- 
OR power supplies should be used. Both 
these features would enable “no break” 
maintenance checks to be undertaken. 

If one of the coax lines were to become 
faulty, i.e. short or open circuit, this 
situation must not affect the remaining 
feeds. 








An output port to port isolation of 20 
db was required and the amplifier had 
to be easy to construct and use only 
easily available devices. 

Fig 1 shows the general arrangement, 
and Fig 2 shows the circuit of the 
distribution amplifier. 

A.B. Bradshaw, Sandy. 
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Professional Soldering Equipment at Special Mail-Order Prices. 
EC50 Mains Electronic Iron. 










proportional electronic temperature 
control inside the handle. Adjustable 
= a eon: 280° to 400°C. Burn-proof 3-wire 

RY mains lead. Fitted 3.2mm Long-Life 
Features spike-free, solid state bit. 1.6, 2.4 and 4.7mm available. 240v a.c. 


SK18 Soldering Kit. £16.70 

Build or repair any electronic project. 
LC18 240v 18w iron with 3.2, 2.4, 
and 1.6mm bits. Pack of 18 swg 
flux-cored 60/40 solder. Tweezers. 

3 soldering aids. Reel of De-Solder 


braid. In PVC presentation wallet. mice 


ADAMIN Miniature Iron £7.69 nylon handle with finger grip. 
eS Interchangeable bits available 1.2, 
1.6, 2.4, 3.4 and 4.7mm. Fitted with 
Possibly smallest mains iron inthe . 2.4mm. 240v 12w (12v available). 
world. Ideal for fine work. Slim Presentation wallet. 












‘L Series Lightweight Irons. 12w £7.68 
High efficiency irons gis ‘ resol? 
electronic hobby work. Non-ro 

handles with finger guards. 18w £7.74 
Stainless steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model, 
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std — 12v 
available from 1.6 to 4.7mm. LA12 available. Presentation wallet. 


Soldering Iron =» Designed specially for LITESOLD irons. 
CE S\ Heavy, solid-plastic base with non-slip pads. 













Stands 3&4 (7G slip pad 

£6.06 UWS Won't tip over, holds iron safely. With wiping 
. ~ a ° . 

No.5 | sponge and location for spare (hot) bits. 


£6.28 = ~, No 5 stand for EC50 iron No 4 stand 
. NS ze for ADAMIN miniature Iron No 3 stand 
AS for LAI2 and LC18 Irons. 


> 





Pre-tinned face (Long Life). State tip 
size, iron and type. 


Replacement Bits 
- For all above irons. Non-stick 


designs, machined from special Copper LIL 
copper alloy, with Inconel retaining EC50 — - £1.92 
rings. Two types — Chromium plated © Adamin 12 and 


with copper face (for economy and 9 LAI2) e&==——= £1.06 £1.90 
ease of use) and Iron plated with C18 qo £2.09 £1.20 


Yellow £1.38 Green £1.44 


Blue £1.50 per Reel 
De-Solder Pumps £7.71 


High Quality version of increasingly 
popular type of tool. Precision made 
anodised aluminium body, plunger 
guard and high-seal piston. Easy 


For simple, safe and effective 
de-soldering of all types of joint, 
using a standard soldering iron. 
Handy colour-coded packs of 1.5 
metres in 3 widths: Yellow — 1.5mm, 
Green — 2mm, Blue — 3mm. 






thumb operation. Automatic solder 
ejection. Conductive PTFE nozzle — 
no static problems. 










Top quality Japanese metric hardened and tempered 
tools. Swivel-top chrome plated brass handles. 
Fitted plastic cases. 113 set — 6 miniature 
screwdrivers 0.9 to 3.5mm £3.60 


305 set 2 crosspoint and 3 hex wrenches 
1.5 to 2.5mm £2.56 
228 set 20 piece combination: 
5 open, 5 skt spanners, 2 crosspoint, 3 hex 
and 3 plain drivers, scriber, handle/holder £8.46 


Microcutters. £5.39 Light weight hardened and 
precision ground. Flush cutting. Screw joint, return 
spring, cushion-grip handles. Safety wire-retaining clip. 











Soldering Aids. Set of 3 £4.22 
Scraper/Knife, Hook/Probe, 
Brush/Fork. 3 useful double-ended 


aids to soldering/desoldering/ 


> 
os assembly. In plastic wallet. 


= ADAMIN Electric Stylus. £16.71 

: Writes like a ballpoint in Gold, Silver, Copper or 6 
colours, on card, plastics, leather etc. Personalise 
wallets, bags, albums, books, 
models ... Operates at 4.5v from its own plug/ 
transformer — totally safe. Supplied with coloured foils. 


SEND FOR OUR ORDER FORM TODAY | 
AND JOIN UP WITH THE PROFESSIONALS ™ 
Prices include p&p and VAT. Send order with Cheque/PO. Ring for Access Visa sales, or ask for order forms. 


LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. PE 
97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 
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ORDERS: RING (01) 567 8910 — 24 HRS. 


= ong fe), ilomer er vii) SUPER-SENSITIVE 
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Highly sensitive FM transmitter measuring 
only 45 x 25 x 15mm, including the built-in 
microphone. Frequency 88-100MHz 
enabling reception on a standard domestic 
FM radio. Range approximately 300m 
depending on terrain. Powered by 9V PP3 
(7mA). Its small size and highly sensitive 
electret microphone makes it ideal for 
surveillance, baby alarm, etc. 

INTRODUCTORY PRICE ................ 

















One of the best deterrents to a burglar is a guard 
dog and this new kit provides the barking without the 
bite! The kit when assembled can be connected to 
a doorbell, pressure mat or any other intruder 
detector and will produce a random series of 
threatening barks making the would-be intruder think 
you have a guard dog and try his luck elsewhere. 
- The kit is supplied complete with high quality PCB, 
mains transformer, all components and instructions. 
The kit even includes a horn speaker which is 
essential to produce the loud sound required. The 
“dog” can be adjusted to produce barks ranging from 
a Terrier to an Alsatian and contains circuitry to 
produce a random series of barks giving a more 
realistic effect. Don't delay, fit one before you go on 
holiday and let our dog help you guard your home. 
XK125 Complete kit of parts ............... £24.00 


POWER STROBE KIT 


Designed to produce 
a high intensity light 
pulse at a variable 
frequency of 1 to 
15Hz, this kit also 

includes circuitry to 

trigger the light from yep 
an external voltage 

source (eg. a 
loudspeaker) via an 

opto isolator. 

Instructions are also supplied on modifying the unit 
for manual triggering, as a slave flash in photographic 
applications or as a warning beacon in security 






































Designed to con- 
trol 4 outputs inde- ' 
pendently switch- : 
ing on and off at. 










i) 


ece0e 
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7-day cycle. LED OSE tH vee), 
display of time and 

day, easily parogrammed via 20 way 
keyboard. Ideal for cnetral heating control 
including different switching time for 
weekends. Battery back-up circuit. Includes 
box 18 time settings. 

CTOBOOK wii iscccsiccicscesctsscetvecenagene £47.20 
XK114 Relay kit for CT6000 includes PCB 
connectors and one relay. Will accept up to 
4 relays 3A/240V c/o contacts ....... ££4.30 
701 115 Additional relays ............... £1.80 
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‘DL1000K This value-for-money 4-way 
chaser features by-directional sequence and 
dimming. 1kW per channel ............ £19.25 
DLZ1000K — A lower cost uni-directional 
version of the above. Zero switching to 
reduce interference ..................06 £10.80 
DLA/1 Optional opto input allowing audio 
‘beat’ /light reSpONSE .............6:ceeees 77p 
DL3000K — 3-channel sound to light kit 
features zero voltage switching, automatic 
level control and built-in microphone. 1kW 
OE CHARI ois civiccesubanglenseeeay £15.60 

































applications. The kit includes a high quality pcb, 
components, connectors, 5Ws strobe tube and full 
assembly instructions. Supply: 240V ac. Size: 
75x50x45. 

XK 124 Stroboscope Kit ...........cccceseeseeees £13.75 


VERSATILE REMOTE 
CONTROL KIT 


This kit includes 
all components 
(+ transformer) 
to make a sensi- 
tive IR receiver 
with 16 logic out- 
puts (0-15V) which with suitable interface cir- 
cuitry (relays, triacs, etc — details supplied) 
can be used to switch up to 16 items of 
equipment on or off remotely. The outputs 
may be latched (to the last received code) 
or momentary (on during transmission) by 
specifying the decoder IC and a 15V stabil- 
ised supply is available to power external 
circuits. 

Supply: 240V AC or 15-24V DC at 10mA. 
Size (excluding transformer) 9 x 4 x 2 cms. 
The companion transmitter is the MK18 
which operates from a 9V PP3 battery and 
gives a range of up to 60ft. Two keyboards 
are available MK9 (4-way) and MK10 
(16-way), depending on the number of out- 
puts to be used. 

MK 12 IR Receiver (incl. transformer) 


































The DL8000K is an 8-way sequencer kit with built 
in opto-isolated sound to light input which comes 
complete with a pre-programmed EPROM contain- 
ing EIGHTY — YES 80 different sequences includ- 
ing standard flashing and chase routines. The KIT 
includes full instructions and all components (even 
the PCB connectors) and requires only a box and 
a control knob to complete. Other features include - 
manual sequence speed adjustment, zero voltage 
* switching. LED mimic lamps and sound to light 
LED and a 300W output per channel. And the best 
thing about it is the price: ONLY £31.50. 


HOME LIGHTING KITS 


These kits contain all necessary components 
and full instructions & are designed to replace 
a standard wall switch and control up to 300w. 
of lighting. 

TDR3O0OK Remote Control Dimmer £18.00 
MK6 Transmitter for above .... £5.10 
TD300K Touchdimmer ................ £9.30 
TS300K Touchswitch ..............5. ‘£9.30 
Extension kit for 2-way 

switching for TD3OO0K ... £2.95 
LD3OOK Light dimmer ................. £4.75 











































































£16.30 


MK18 Transmitter ...................eeeeee £7.50 
MK9 4-Way Keyboard .................. £2.20 
MK10 16-Way Keyboard ................ £6.55 
601 133 Box for Transmitter ......... £2.60 










ELECTRONICS SEND 9” x 6” SAE & 50p FOR 
CATALOGUE OR CALL AT 


13 BOSTON RD. SHOP Mon-Fri 9-5 pm 
Ee Tel: 01 567 8910 ae 
VISA ORDERING INFORMATION: EN 


GS «ALL PRICES EXCLUDE VAT 


FREE P&P on orders over £20 (UK only), otherwise add 75p + VAT. 
Overseas P&P: Europe £2.75. Elsewhere £6.50. Send cheque/PO/ 
Barclaycard/Access No. with order. Giro No. 529314002. 
LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 
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BIO-CHROMATIC 
ELECTRONICS 


BY ZOLA McMALCOLM 


___ BIOLOGICALLY BASED OPTO ELECTRONICS BROADENS __ 
: INTELLIGENT COMPUTING HORIZON ao 
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The ability of some photo-sensitive plant substances to undergo a chemical colour change on exposure to 
high-intensity sunlight is providing clues which may lead eventually to genuinely organic, self-replicating data 


storage matrices. 


eo density and reliability are 
among the keywords paramount in 
laboratories researching into new and 
better ways of manufacturing 
semiconductors. With each new 
generation of silicon based device, the 
requirements of industry, commerce and 
the military, far from being satisfied, are 
tantalised by the prospect of taking 
technology yet another step forward. 
Thus, since the introduction of the 


humble transistor, increasingly 
sophisticated semiconductors have been 
regularly appearing, including the 


recently introduced and revolutionary 
transputers. 

Each generation of device has come 
into existence through the unstinting 
efforts of research scientists, pressure 
from prospective end users, and the 
incentives of reaping large financial 
rewards. Indeed the field of electronics 
is an exemplary illustration of the old 
saying that Necessity is the Mother of 
Invention. 

Some of the inventions are more 
precisely logical extensions of existing 
technology. Others have required the 
use of new materials, expensively and 
painstakingly researched. Additionally 
the achievements of other technologies 
and diciplines have also had their impact 
upon the ability to manufacture faster 
and smaller semiconductors. 


DISCIPLINARY INTEGRATION 


One notable example of 
interdisciplinary application is the 
availability of higher definition 


photographic emulsions suitable for 
circuit imaging. As many photographers 
will be aware, the structure’ of 
photosensitive emulsions can lead to 
‘graininess’, through clumping of the 
chemical compounds. The human eye 
usually ignores the coarse appearance of 
a photographic image, but in electronics 
grain size and image sharpness become 
significant when components and signal 
paths are printed photographically, and 
even graded grains may be too coarse. 

Chemistry has played an important 
part in the increased sophistication of 


34 


QUANTUM 
MAGNETIC 
DEVIATION 

PROCESSOR 


PHASE AND 
WAVELENGTH 


SELECTOR LASER 


POLARISED 


PROGRAMMABLE 
BIOCHROMATIC - MEMORY 
CELL STRUCTURE 


SPECTRAL PHASE 
DISCRIMINATOR 


EK TACHROMAT IC 
RECEIVER 


MICRO-OPTIC FIBRE 
HARNESS 


MULTIPLEXED 
SUPERCONDUCTING 
WAVEGUIDE 


CRYOGENIC 


Fig 1. Flow path for 
Bio-Chromatic data 


THERMAL 


photographic emulsions and in the 
production of new semiconductor 
materials. Allied disciplines have 
enabled advances in crystalography and 
diffusion techniques to be applied to the 
growth of precision semiconductor 
structures. Through these techniques, 
complex integrated systems have 
become commonplace, with 
capabilities, speeds and reliabilities that 
were only dreamed of a few years ago. 

Much to the benefit of electronic 
miniaturisation, another technology has 
also been put to good use — lasers. About 
the same time that integrated circuits 
were being introduced, lasers were in 
the process of becoming fact rather than 
science fiction. Strangely, at the time 
they appeared to be a product without 
a purpose. I recall that either New 
Scientist or Science Journal, or probably 
both, speculated heavily about the 
functions to which these remarkable 
devices could be put. Now, over two 
decades on, we are probably complacent 
about their benefits to society at large, 
from use in medicine, entertainment, 
industry, defense, data storage, 
communications, as well as electronic 
component manufacture. In the latter 
application, the precision imaging 
techniques are capable of literally 
cutting components and signal paths into 
specially prepared mineral compounds 
of materials like silicon, germanium, 
gallium, arsenic and so on. 


INTEGRATOR 





processor 


INFANT TECHNOLOGY 


Although not widely publicised in the 
popular press, a new technology is now 
in the early stages of making its impact 
felt on the electronic manufacturing 
scene. It is very much in its infancy, and 
there is much yet to be researched and 
achieved. While premature speculation 
should be regarded with caution, the 
techniques being developed may lead to 
achieving truly intelligent computers by 
methods radically different from those 
being examined in other spheres. 

Several well established disciplines 
have been brought together for the 
research project in which I am currently 
involved at an investigative science 
laboratory in Kent. While the 
laboratory’s primary interest is in 
electron theory applications, the fields 
of solar reactive chemistry, regenerative 
microbiology, and __ epi-polycryptic 
communication systems are heavily 
featured on the research curriculum. 


SOLAR REACTIVE CHEMISTRY 


Solar reactive chemistry was probably 
first studied in depth during the early 
nineteenth century in experiments that 
ultimately led to the invention of 
photography. Although it was eventually 


found that silver-iodide was the 
substance that showed the best 
chromatic change in response to 


exposure to light, numerous other 
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substances, such as albumen and starch 
were also given close attention. Both 
substances were readily available in the 
form of eggs and potatoes. The latter’s 
reaction to light will be well known to 
anyone who has forgotten to keep 
peeled potatoes covered. Many other 
biological examples are _ readily 
observable around us, including the 
reaction of foliage to light, resulting in 
pigmentation changes through 
production of — substances like 
chlorophyl. 

My own interest in photochemical 
reactions started after a lengthy 
sunbathing session when I painfully 
observed that even human tissue can be 
changed in hue by exposure to sunlight. 
It was also noted that areas are 
selectively affected, depending on the 
exposure duration and intensity. 

Following this simple observation, 
and repeating the researches of the 
nineteenth century, I began examining 
the reaction of other substances, in 
particular the way that various plant 
structures behaved differently to light 
stimulii. Further research showed that 
different light wavelengths created 
different chromatic changes. Though 
many were permanent, some changes 
could be reversed by exposure to the 
inverse end of the colour spectrum. It 
was also of interest that, to a certain 
extent, the areas affected could be 
moderately well controlled — by 
rudimentary focusing of the light source. 


LASER CONTROL 


With the advent of lasers, it was found 
that the precision focusing and opto- 
frequency control techniques were 
capable of initiating chromatic changes 
to individual cells, leaving surrounding 
cells unaffected. Using different 
biological sources as the experimental 
specimens, it was found that some were 
faster to react than others. One species 
of plant was particularly rapid in 
response, showing a reversible reaction 
time of only a few milliseconds. This was 
one of the hybrid varieties of the fox- 
glove family, Digitalis-Multiflora. 






Wild digitalis multiflora 
It then became apparent that a 
biological substance had _ been 
synthésised that, in conjunction with the 
precision of laser technology, could be 
reversibly used as a programmable data 
store.. The logic state would be 
determined by the colour of the cell, and 
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could readily be assessed using 
miniature chromatic sensitive opto- 
detectors. Although photographic 
emulsions can store optically coded 
data, the process is basically non- 
reversible and incapable of reprogramm- 
ing. Within this plant though, there 
appeared to be a highly reactive bio- 
chromatic substance that could be 
rapidly reprogrammed. It was however, 
subject to data loss as the plant decayed. 


BREAKTHROUGH 


A breakthrough came when discussing 
the problem with a colleague at the 
laboratory who was involved in 
micropropagation techniques __ for 
horticultural applications. I explained 
the reluctance of the samples to stay 
unwilted for more than a few days and 
asked if there was a method of 
preserving Digitalis, in the same way 
that some other flower species can be 
dried and preserved. He suggested that 
there might be, by crossing Digitalis- 
Multiflora with Surillious Preposterosa, 
a Moroccan desert plant well suited to 
longevity in arid conditions. 





Cultivated surillious preposterosa 





Specimens of this plant were acquired 
and crossed with Digitalis. Ultimately 
the seeds were collected and sown. The 
resulting hybrids were then analysed for 
their ability to respond to laser beam 
programming. ? 

The results surpassed expectations, 
with not only the permanence of the 
recorded data being considerably 
extended before natural decay set in, but 
also a ten-fold increase in the recording 
response rate was experienced, sub- 
sequent chemical and spectral analysis 
of this hybrid showed arsenic hydroxide 
and minute traces of lithium Stearate 
coming from Digitalis, and _ silicon 
dioxide from Surillious. It appeared to 
be the combination of these that was 
responsible for the reaction rate. 


FORTNIGHT AT F8 


Over the next several months, eight 
successive ‘F’ generations of the hybrid 
were produced in accordance with 
accepted horticultural practice, selecting 
the best from each generation and using 
them as the parents for the next. To 
speed growth and stabilise a 100% 
arsenic-silicon alignment ‘(ASA _ 100) 
within each generation, bi-diurnal 
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Fig 2. Cellular chromoplasts. (Left) from 
Digitalis. (Right) from Surillious. 





microwave progagation techniques at 
the nano-angstrom level were rigidily 
enforced. The ASA 100 exposure factor 
was determined computationally and for 
each generation up to F8 it was found 
to be around a fortnight. 

Using the F8 hybrid we _ took 
advantage of the rapidly developing 
technology of micro-biological propa- 
gation, in which selected plant cells are 
cloned. This involves the plant with the 
best chosen characteristics having cells 
removed from a growth nodule, and 
growing them in a precisely forumulated 
culture medium. Since the clones obtain 
their entire nutrient from this medium, 
it has to consist of a standard growth 
hormone plus the base elements found 
in the natural plant, in this case lithium 
(Li), arsenic (As), and silicon (Si). 
Earlier tests had shown that slight 
impurities of chrome and nickel (Cr and 
Ni) could enhance the colour mono- 
tonacity and durability of the opto- 
cellular response. Using an inert heavy 
duty polycellular hydro-carbonic (H,0- 
C;) gel base, the nutrients and required 
proportions of each element were 
added, and the cells implanted. The 
culture plates were then put into a 
centrifuge rotating at 5G. 


BINARY EXPANSION 


Normally cloned poly-cells will grow 
according to the genetic codes inherent 
in the original plant. This usually results 
in the total replication of the original. 
However, using an artificial gravity of 
5G, the cellular multiplication direction 
is inhibited. Consequently, the growth 
develops as a geometricically precise 
disc. Growth was permitted until the 
horizontal cell count was 232. Due to the 
5G factor, the growth stopped vertically 
at the 128th cell. Somewhat to our 
surprise, it was then found that the 
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Fig 4. Typical 8-bit binary chromoplast 
structure. Darkened areas are at Logic 1. 





dendrites of the outer cells were several 
microns thicker than the inner ones and 
all had a high proportion of nickel in 
them. However, this was an advantage 
since the rigidity of the growth was such 
that it was capable of being supported 
in a normal optical frame using polarised 
stress sensors to maintain uniformity. 


DOUBLE DENSITY PLOTTING 


Subjecting this bio-structure to pulsed 
laser beams, the expected reversible 
colour changes were found to occur as 
in the original experiments, though at a 
greatly enhanced reaction rate. It was 
noticed, though, that some cells did not 
respond as predicted; either they failed 
to react at all, or they had a density twice 
that of the majority. In case this was due 
to slight inaccuracies in the supporting 
frame and its sensors, the sample was 
repositioned, and the sensors checked 
and reset. A similar unevenness was 
experienced. After several attempts at 
repositioning and resetting, it became 
obvious that there was a correlation 
between the cells affected, and the 
polarity of the sensors. 

It became obvious that the 
chromaticity of the opto-reaction was 
being affected by induced currents 
generated in the nickel based dentrites 
by the stress sensors, in a piezo-electric 
fashion. This was being modified further 
by the presence of the silicon compounds 
in the cell structure. The effect was that 
those cells of a neutral electrical polarity 
responded normally, those having a 
negative potential across them failed to 
respond, while those of positive 
potential responded by doubling their 
density change. In other words, the 
cellular structure had a tri-state mode of 
operation and possessed __the 
characteristics of a sophisticated 
semiconductor. 


BOOLEAN ANALYSIS 

The logical next step was taken. 
Individual connections were made to a 
small group of cells so that a tri- 
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Fig 5. Typical cross-section of 
programmed poly-layer structure. 
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dimensional matrix was produced. These 
were connected to three buffered 32-bit 
RS332 computer ports, and Boolean 
logic levels systematically applied in 
conjunction with synchronously clocked 
laser pulses. Cell density data was 
collected via ektachromatic transducers 
and the results conformed to the 
predicted truth tables. 

The implications were profound. We 
had produced a bio-electronic tri-state 
laser programmable data store. Digitalis 
Multiflora had been hybridised to 
become Digitalis Electronicus! 
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have the opportunity to benefit further 
from exploitation of this natural 
phenomonon. However, as this research 
saga shows, it is only through the ready 
interchange of technological knowledge 
between disciplines, irrespective of their 
disparity, that material advances 
beneficial to society in general can be 
achieved. The success of our 
collaborative investigations is a classic 
example of the application of knowledge 
from two such disciplines. Electro- 
horticulture may well prove to be the 
most significant growth product of this 
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Fig 6. Enlarged cross-section of multiplexed epidermic structure 


ULTRA HIGH SPEED 


A further surprise was yet to be 
revealed. When checking the complete 
clone growths for data conversion time, 
it was found that an additional gating 
factor existed, and depended on the 
respective laser wavelength phases. This 
resulted in data transfer rates as fast as 
0.5 femto-seconds. A major advance in 
the search for even faster data 
processing devices had thus additionally 
been achieved. The importance of high 
speed processing is that it is one of the 
vital parameters required for the 
ultimate production of intelligent 
computers. Consequently, it is believed 
that our researches and achievements 
represent a significant step towards man- 
made systems that will one day match, 
and probably surpass the abilities of the 
human brain. 

The problem of eventual data decay 
has not yet been fully overcome, but the 
current generation of devices has 
extended refresh cycle times of around 
17 weeks at 20°C and 33% humidity. 
since the data refresh routine only 
requires the addition of two drops of any 
standard hydroponic culture solution per 
device, and can readily be put under 
capillary irrigation control, this rate is 
insignificant under normal operating 
conditions. It should also be noted that, 
as with eprom devices, exposure to uv 
light has to be avoided. As part of the 
continuing research program we are also 
investigating the possibility of cloning 
fully pre-programmed devices for mass 
production in large scale culture trays. 


COOPERATIVE SOCIETY 


The effects of vegetative chromaticism 
have been observable for countless 
generations, and they are essential to 
universal ecological stability. We now 


century, profoundly enhancing the 
socio-economic benefits of applied 
technology. It has only come about 
though, through interdisciplinary co- 
operation. 

While it is unwise to definitively 
predict the outcome of full commercial 
distribution of Digitalis Electronicus 
based devices, one possible side effect 
is that home computers may well 
eventually be retailed by garden centres 
as well as high street electrical stores. 
With further research and innovation it 
also may be practical for sophisticated 
systems to be grown in back gardens. 
Should such advances be made perhaps 
one day the Chelsea Flower show and 
the All Electronics Exhibition may 
become a combined event. Undoubtably 
relevant magazines would also undergo 
significant changes, possibly combining 
their resources, resulting in such titles 
as Practical Gardening Electronics: the 
horti-science magazine for serious floral 
electronics and vegetative computing 
enthusiasts. 

For those wishing to grow Digitalis 
Electronicus, the clonal growth culture 
formula is Cr39 0; H, Niy C; Si, Lig ASgg. 
All enquiries should be made in writing 
to Rekceb-Rotide Research Labora- 
tories, 8 Finucane Drive, Orpington, 
Kent, BRS 4ED. as 






Zola McMalcolm with F5 generation 
hybrid digitalis multiflora 
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el BETA — Concentration, [24 ALPHA - Relaxation, [J THETA - /magination, 
problem solving, active pleasure, tranquility, creativity, hynagogic 
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This unique project will allow you to hear your own brainwaves! Through a simple training 
program you can learn to control them and achieve peak performance in all situations. It will 
revolutionise your life! 


The approved parts set contains: two PCBs; all components, including three PMI precision 
amplifiers; shielded box for screening the bio-amplifier; attractive instrument case with tilting 
feet: controls, switches, knobs, plugs, sockets; leads and brass electrodes, full instructions for 
assembly and use. 


Parts are available separately. We also have a range of accessories, professional electrodes, 
books, etc. Please send a stamped, self-addressed envelope if you just want the lists. 
Otherwise, an SAE + £2 will bring you lists, construction details and further information. 


SILVER SOLUTION 


Just wipe on with a cloth to plate 
PCB tracks, connectors, wire, 
component leads, coins or 
hosehold ornaments with a layer 
of pure silver. It must be magic! 


LARGE BOTTLE (150ml) 
SILVER SOLUTION £11.20 + VAT! 


THE ALPHA 
PLAN 


Can you really train your 
mind to think more 
effectively? Can you really 
excel at things you're 
‘no good at’? 
The Alpha Plan has all 
the answers! 
£2.50 (no VAT) 
























eSnerncaen 


As featured in ETI, January 1988. The 
approved parts set contains PCB, 
case, toroidal cores, class X and Y 
capacitors, VDRs, ICs, transistors, 
LEDs, all components, and full 
instructions. 












Parts are available separately. 
Please send a stamped, 
self-addressed envelope 
if you want the lists. 
Otherwise, an SAE + £1 
will bring you lists, 
construction details 
and further 
information. 


For those who will only be satisfied with the best 


Use with Hi-Fi, computers, radios, TV sets to eliminate 
mains-borne interference 


10 LED logarithmic display shows the amount of interference 
removed 
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@ Massive filter section with thirteen capacitors and two current- 
balanced inductors 
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Bank of six VDRs to remove transients and spikes 
Suppresses common mode and differential mode interference 


Parts Sets for ETI Project 














CONTROLLER 


FEATURED IN ETI, 
JANUARY 1987 


Have you ever wondered what 
people do with all those computer 
interfaces? ‘Put your computer 

in control,’ say the ads. ‘The 
Spectrabeeb has eight TTL 
outputs.’ What on earth can 

you control with a TTL output? 

A torch bulb? 

The ETI Mains Controller is a logic to mains interface 
which allows you to control loads of up to SOOW from your 
computer or logic circuits. An opto-coupler gives isolation of 
at least 2,500V, so the controller can be connected to 
experimental circuits, computers and control projects in 
complete safety. Follow your computer interface with a mains 
controller and you're really in business with automatic 
control! 

The mains controller connects directly to most TTL 
families without external components, and can be driven by 
CMOS with the addition of a transistor and two resistors 
(supplied). 

Your mains controller parts set contains: high quality roller 
tinned PCB; MOC3021 opto-coupler; power triac with 
heatsink, mounting hardware and heatsink compound; all 
components, including snubber components for switching 
inductive loads; transistor and resistors for CMOS interface; 
full instructions. 


MAINS CONTROLLER PARTS 
SET £6.20 + VAT! 





KNIGHT RAIDER 


FEATURED IN ETI, JULY 1987 


The ultimate in lighting effects for your Lamborghini, Maserati, BMW 
(or any other car, for that matter). Picture this: eight powerful lights in 
line along the front and eight along the rear. You flick a switch on the 
dashboard control box and a point of light moves lazily from left to 
right leaving a comet's tail behind it. Flip the switch again and the 
point of light becomes a bar, bouncing backwards and forwards 
rece row. Press again and try one of the other six patterns .. . 
An LED display on the control box let's you see what the main lights 
are doing. 

The Knight Raider can be fitted to any car (it makes an excellent fog 
light!) or with low powered bulbs it can turn any child's pedal car or 
bicycle into a spectacular TV-age toy! 

The contro! box parts set consists of case, switches, LEDs, PCB, 
components, hardware and instructions. The sequence board 
includes PCB, ICs, power FETs, components, hardware and 
instructions. 


KNIGHT RAIDER CONTROL BOX ONLY 
£6.90 + VAT! 

KNIGHT RAIDER SEQUENCE BOARD ONLY 
£13.90 + VAT! 


LM2917 
EXPERIMENTER SET 

















































AD7541 Precision 12-bit multiplying DAC £1.20 + VAT 
LM3524 Switch mode regulator IC £0.80 + VAT 
CF585 Calculator IC £1.00 + VAT Consists of LM2917 IC, special printed circuit board and 


detailed instructions with data and circuits for eight 
different projects to build. Can be used to experiment 
with the circuits in the ‘Next Great Little IC’ feature 
(ETI, December 1986). 


LM2917 Experimenter Set £5.80 + VAT 


LM339 Quad comparator IC 
MC 1458 Dual op-amp 


3 for £1.00 + VAT 
3 for £1.00 + VAT 


All ICs supplied with FREE DATA. 
Prices apply only while stocks last. ' 











Prices shown are exclusive of VAT, so please — a A/ LY 
add 15% to the order total. UK postage is 70p ws % We | 
on any order. Carriage and insurance for > 4in| = ix | 
overseas orders £4.50. Please allow up to wee L 
14 days for delivery. 
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POWERFUL AIR 
IONISER gen 


FEATURED IN ETI, 4 
JULY 1986 


lons have been described 
as ‘vitamins of the air’ by 
the health magazines, 
and have been credited 
with everything from * 
curing hay fever and 
asthma to improving concentration and putting an end 
to insomnia. Although some of the claims may be 
exaggerated, there is no doubt that ionised air is much 
cleaner and purer, and seems much more invigorating 
than ‘dead’ air. 

The DIRECT ION ioniser caused a great deal of 
excitement when it appeared as a constructional project 
in ETI. At last, an ioniser that was comparable with 
(better than?) commercial products, was reliable, good 
to build... and fun! Apart from the serious applications, 
some of the suggested experiments were outrageous! 

We can supply a matched set of parts, fully 
approved by the designer, to build this unique project. 
The set includes a roller tinned printed circuit board, 
66 components, case, mains lead, and even the parts 
for the tester. According to one customer, the set costs 
‘about a third of the price of the individual components. 
What more can we say? 


DIRECT ION PARTS SET Instructions 
WITH BLACK CASE £11.50 + VAT are 
WITH WHITE CASE £11.80 + VAT included 


Wi, 

LEDs Ly 

Green rectangular LEDs Z_/ G 

— = for bar-graph displays. (] 

a y 50 for £3.50 500 for £25 
\ 100 for £6 1000 for £45 f 

DIGITAL AND AUDIO EQUIPMENT C/'LEDs 


Assorted 3mm LEDs: red, green, yellow and 
orange. 25 of each (100 LEDs) for £6.80 


AMPLIFIER Gee 
FEATURED IN ETI, | 
APRIL 1986 


No ordinary amplifiers, 
these. When our first 
customers took an 
interest, it was for the 
diminutive size (both 
modules will fit ina 
matchbox!), the total disregard for power supplies and 
speaker impedances, and the impressive power output 
from these little amplifiers. When they re-ordered, it was 
for the sound quality. 

Two amplifier modules were described, both based on 
the powerful L165V IC. The single IC version will deliver 
over 20 Watts with a suitable speaker and power supply. 
The bridge version can provide up to SOW! Although the 
specified supply voltage and speaker impedance must be 
used to achieve maximum power, both modules are quite 
happy to work from any voltage between 12V and 32V, and 
will accommodate any type of speaker. The bridge version 
is ideal for giving a boost to car Hi-Fi systems, driving two 
4 Ohm speakers in parallel on each channel for best effect. 

Both designer-approved parts sets consist of a roller 
tinned printed circuit board and all components. The 
L165V ICs are also available individually, with a free mini 
data sheet giving specifications and suggested circuits. 


SINGLE IC ‘MATCHBOX BRIDGE 
AMPLIFIER’ SET AMPLIFIER SET 
(20W into 4 Ohms) (50W into 8 Ohms) 


£6.50+ VAT €8.90+VAT £3.90+ VAT 


RUGGED d 
PLASTIC CASE 


f 
r 


































L165V IC, 
with data, 






















suitable for mains conditioner 
and mains controller. 


ONLY '£1.65 + VAT 
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BOOKMARK 





Another selection of newly published books to while away the — 
rainy days. Cs i... 






Audio Amplifier Fault-Finding Chart. C.E. Miller. Babani 
BP120. 95p. ISBN 0-85934-095-3. This is not a book, but a 
chart that has been designed to help the reader approach fault 
finding in audio amplifiers in a systematic and logical way. It 
claims to also assist in the repair of equipment, and this it does 
to the extent that some items, such as fuses or faulty mechanical 
parts, can be located and replaced by the non-technical. More 
technical aspects of amplifier problems though, like electronic 
component checking, needs far more data than this chart has 
room to provide. Nonetheless, at 95p, many will find it a useful 
guideline. 


BBC Basic86 On The Amstrad PCs and IBM Compatibles. Book 
1 — Language. N. Kanaris and K. Thompson. Babani BP243. 
£3.95. ISBN 0-85934-188-7. The book is specifically designed 
for use with the above titled computers that can run BBC86. 
The latter is the structured language that many users of the 
BBC computer will have come to know. Statements in this 
language are introduced and explained with the help of simple 
programs. This is intended to enable the user to build up a 
considerable library of programs and procedures, which in turn 
could become the building blocks of advanced programming 
techniques. As a programmer who taught himself the art 
through reading books and experimenting, your Ed recognises 
that any like-minded person will eagerly acquire practically 
any book on the subject. However, my reaction to this one is 
‘so what’s new?’. Paging through, I feel that I’ve seen it all 
before, and more comprehensively done. 


Electronic Hobbyists Handbook. R. Penfold. Babani BP233. 
£4.95. ISBN 0-85934-178-X. We have come to expect well 
written and informative books from Robert Penfold, and this 
one is no exception. It offers a source of easily located 
information that many electronics enthusiasts may often need. 
It covers colour codes, characteristics and pin outs of many 
popular semiconductors, and illustrates many simple circuits. 
It also contains other useful data, such as circuit symbols, 
interface details, amateur and CB frequency allocations. 






































An Introduction to the Amstrad PCs. R.A. and J.W. Penfold. 
Babani BP197. £5.95. ISBN 0-85934-172-0. Specifically written 
for the PC1512 and PC1640, this book is aimed at those who 
have little or no previous knowledge of computing, and shows 
that using a business computer is a lot less difficult than many 
people may imagine. 










The Robot Builder’s Bonanza: 99 Inexpensive Robotics Projects. 
G. McComb. Tab Books. £12.00. ISBN 0-8306-2800-2. In over 
300 pages, the book shows how you can build and combine 
the various parts that make up a robot, and to create your 
own original, custom designed, personal robot. If you love 
using your hands and your brain, you will find much pleasure 
from this book of mechanics and electronic circuits. It also 
gives a list of tools and equipment, a logic interfacing guide, 
and a drill bit and bolt chart. Beware that the addresses given 
for mechanical parts sources are all in the USA, though it 
seems likely that equivalent UK suppliers will exist. 













An _ Introduction to Control and Measurement’ with 
Microcomputers. R.L. Dalglish. Cambridge University Press. 
£15.00. ISBN 0-521-31771-1..The book is intended to be a 
complete introduction to microcomputers and their application 
to control and data acquisition, and attempts to simply and 
clearly describe how microprocessors work and the basic 
architecture of a microcomputer. Since the book is based on 
courses given by the author for undergraduates, professional 
scientists and engineers, it is not so well suited for the early 
beginner, nor should it be regarded as a constructional guide. 
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_ Normal good book shops should be able to get the books for 

_ you, but in the case of difficulty, these are the publisher’s 
addresses: 

Cambri 

_ Shaftesbury Road, Cambridge, CB2 2RU. - 

_ Tab Books — through John Wiley & Sons Ltd, Baffins Lane, 
_ Chichester, W. Sussex, PO19 1UD. 

 Babani Books, The Grampians, Shepherds Bush Road, London 


McGraw-Hill Book Company, Shoppenhangers Road, 
_ Maidenhead, Berks. SL65BR. > 





44 Power Supplies for Your Electronic Projects. R.J. Traister 
and J.L. Mayo. Tab Books. £12.85. ISBN 0-8306-2922-X. The 
book claims to be a ‘treasury of high- and low-voltage power 
supplies for all types of electronics applications’. As interesting 
as the book is, I feel that it does not live up to this claim, and 
I am aware of quite a few other types of power supply-that I 
believe should have been included. I am also concerned that 
transformer-less mains operated supplies are recommended 
without, in my opinion, sufficient warnings about the potential 
safety hazards entailed. Aside from these niggles, the book 
does have some very useful information on power supply theory 
and applications that will be beneficial to many constructors. 


State of Solid State. Tab Books. £7.75. ISBN 0-8306-2733-2. 
Written by the editors of the American magazine Radio- 
Electronics and comprises a selection of their articles published 
between 1982 and 1985. They include semiconductor theory, 
information on various solid state devices, and projects that 
use them. Some aspects of electronic technology may not 
change, but others are in a constant state of improvement; 
consequently I feel that articles going back to 1982 may only 
be of historic interest. There is the additional danger that some 
of the specified components may be unobtainable to UK 
readers, either because they have now become obsolete, or 
because the quoted suppliers are in the USA. The fact that 
original dates of publication for the articles are not given, and 
the use of statements within the text like “...catalogue is a new 
(1983) edition...” give me some cause for concern. 


Solid-State Electronics Theory with Experiments. M.J. 
Sanfilippo! Tab Books. £13.20. ISBN 0-8306-2926-2. This book 
should be of interest to those who want to know more about 
the hows and whys of semiconductor devices. It ranges from 
the basic concepts, through diodes, transistors, and opamps 
through to initial considerations of integrated circuit 
technology. It is well filled with drawings, but keeps formulae 
to a minimum. Experiments are included and are designed to 
complement the topics. Although the book originates from the 
USA, its appeal will be far more international. 


An Introduction to 8086/88 Assembly Language Programming 
for Engineers. N.M. Morris. McGraw-Hill. £12.95. ISBN 0-007- 
084173-X. In addition to dealing with the principles of 
programming, this book also provides a range of carefully 
designed programs, introducing readers to the arithmetic and 
text handling capacities of the chip. The programs are presented 
in a ‘recipe’ form, so making programming easier to learn. The 
book also describes the use of practical interrupt programs, 
and covers both digital and analogue input and output. Those 
studying 16-bit programming will find this book particularly 
useful. 


The Real Hi Fi Story, P. Herring. The British Audio Dealers 
Association and the Federation of British Audio. A beautifully 
produced promotional book published by the BADA and 
available FREE OF CHARGE (though for some reason it has 
£2.50 marked on the cover) from The Sound Advice Centre, 
40-41 Great Castle Street, London W1N 7AF. It measures just 
over 12 x 12 inches (about 32 x 32 cms) and has 24 pages split 
into two sections, one covering advice on hi fi facts, the other 
a selection of post-paid advertiser’s reply cards. It is in full 
colour and should delight anyone who needs basic advice on 
the nature and requirements of hi fi equipment. There are also 
generous offers on trade-in equipment and special finance 
available, so it could help you to enjoy your music and save 
money into the bargain. Hurry though, for it published as part 
of a promotional campaign to increase the public’s awareness 
of quality hi fi and specialist retailers, and as such may be in 
limited supply. 
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REGULAR FEATURE 











FROM FRED — 





















‘Dear John, 
Congratulations on the fine _ 


seeing the Jan 88 issue, I had 
been out of touch with PE since 
it moved to Poole many years _ 
ago. It is nice to know that it is 


mag once again and under the 
very capable hands of one of its 
old contributors! | remember 
very well the occasion in 1971 
when you demonstrated your 
Telephone Answering Machine 
isi our workshop at Fleetway 
House. That was the start of a 
00d relationship which was to 
prove rewarding to PE and, I 
trust, to yourself over the years. 


Keep up the good work. 


BUSH TELEPHONES 


Dear John, 

I was most interested by the 
Recalling History article in PE 
Dec 87, particularly the way it 
was written in the past tense. 
Overhead phone lines with 
transpositions are alive and well 
here in South Africa. 

Our telephone is still a 
magneto instrument with local 
battery. The ‘local’ operator 
switchboard is 55 miles away, 
mostly by overhead lines. There 
are also some 10 subscribers on 
the same line, so we have 
code-ringing to see who the 
incoming call is for (my code is 
short-long-long). Nevertheless, 
the system works well and 
conversations are ‘loud and 
clear’. 

Atkinson (Telephony Vol 1, 
Pitman 1948) states ‘where it is 
not practicable to provide lines 
of the requisite standard of 
insulation and ohmic 
resistance... the magneto system 
is still probably one of the most 
practicable methods of 
signalling’. 

Even calls to overseas 
countries come over very well. 
When one considers the 
thousands of contacts, wire 
joints, relays, up-links and 
down-links to satellites and so 
on, one cannot be critical of the 
service. 

One slight disadvantage of the 
long overhead lines is that when 





_-: 1964, building its success until _ 


| job youare doing with PE. Until 


approval for our styleof 
: publishing PE. Many readers, as _ 


I wish you all success in 1988. 
__ exciting technology. 
Fred Bennett, Middx. 





READERS’ 
LETTERS 


_ “Many readers of PE will well _ 
_ remember that Fred Bennett was | 





the founding Editor of PE in 


Mike Kenward took over when 
PE movedto Pooleattheendof 


We are proud to have Fred’s 


well as myself, greatly benefitted — 
from his capable and kindly 
editorship. Had itnot been forhis — 
influence, it seems possible that 
my own interest in electronics __ 
might not have flourished, nor 
would I now be following in his _ 
editing footsteps.  . 
Fred set the standards, the —_— 
goals and the achievements; I _ 
hope that I too may likewise — | 
influence many of youin your 
appreciation of a worthwhile and 
Thanks Fred, and best wishes. 


lightening flashes all the bells 
tinkle! 

In fairness to the post office, 
they have promised us an 
automatic service later this year. 
But they said that last year too! 

R.H. Shepperd, 
Darlington, South Africa. 















One of my mottos is “never 
interfere with a working system” 
Unless profound benefits are 
likely to ensue, if something 
works, however archaic it may 
be, why change it? We are 
sometimes brainwashed into 
thinking that all technological 
advances should be implemented. 
It ain’t necessarily so! Ed. 














MICROJAM 


Dear Ed, 

I sympathise with Mr Gough 
whose letter concerning radio 
jamming you published in PE 
Jan 88. 

It would seem that in some 
way my neighbours are using 
computers which are interfering 
with my vhf radio reception. Is it 
legal for them to do so? 

Name and address supplied. 


Many types of electronic 
circuitry can emit electromagnetic 
radiation, computers included. 
My own interferes with a small 
vhf radio I have when it ts within 
a couple of feet of the computer, 
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especially when putting data out 
to disc. I understand that in the 
world of espionage (dare I 
mention that these days?), it is 
possible to ‘eavesdrop’ on a 
computer by monitoring its 
radiation with highly sensitive 
and specialised equipment. 

It is also well known that tv 
receivers radiate their own 
signals, which is how license 
dodgers can be caught out by 
detector patrol vans. 

Under normal use, domestic 
equipment is unlikely to be 
radiating with a power sufficiently 
strong to contravene regulations, 
but anyone who believes that a 
neighbour is allowing radio 
interference to occur should 
follow the advice I gave in Jan 88 
— contact the Radio Investigative 
Service of the Department of 
Trade and Industry through the 
local post office. 


Ed. 





MAINTAINED 


Dear Ed, 

Having decided to refresh my 
rusty electronics knowledge as I 
am deeply into microcomputers 
and their applications, I recently 
bought a copy of PE after not 
having taken it for a considerable 
number of years. May I say how 
pleasantly surprised I was to find 
such a high standard of editorial 
and technical content. What a 
highly readable mag it still is. 

Please help me on two 
questions. I have many computer 
items each running off separate 
transformers, can I run them all 
of one transformer via DIN 
connectors? Secondly, I have 
read a lot of warnings regarding 
destroying chips with static 
electricity. What sensible 
precautions should one take, and 
which is the best practical 
earthing method? 

I look forward to reading your 
mag regularly in the future. 

T.G. Colledge, Chester. 


Welcome back. Providing the 
transformer chosen is capable of 
delivering the correct voltage at 
the correct current you should 
have no difficulties in unifying 
your system, as long as you also 
ensure that the connecting cable 
is capable of carrying the current 
to avoid voltage drops with 
changes in load. The connecting 
plugs and sockets should also be 
chosen with good regard for the 
current drawn. I assume you refer 
to DIN style audio connectors — 
these can carry 100Vac or 150Vdc 
at 2A. 

Much has been written about 
static problems and avoidance. 
There are many methods used 
commerically to ensure that static 
is not experienced, ranging from 
antistatic clothing, floorcoverings 
and so on, to operator earthing 
straps and pads. For the casual 


_ POP PICKING RADIO 
| YJ ho would have believed 





_ could take on reality? Some time 


| type of programme transmission 
you most wanted to tune into. A 
recent report says that such 
radios will become available 
during this year. 


| radios will initially be for in-car 
| entertainment and will find the 


whether it is jazz, chat, drama, 
_ sport, news or classics, 


| possible because of a 

_ development called the Radio 

_ Data System. This is computer 
controlled and sends out a coded 
_ signal with transmitted 

_ programmes that enables the 


| code relating to your listening 

_ preference. 

_. Additional facilities offered by 
RDS include searching out 
traffic reports, and even paging 


| emergencies. The road report 
service comes as no surprise 


(including my own) have a 


activate a search facility. 
_ RDS ts being introduced by 
the European Broadcasting 


- BBC are ready to do so now, and 
_ that they regard RDS as “the 


_ technology since the introduction 
__ of stereo broadcasting”. 


_ becoming science fact, and that 


_ based on reality. I can’t help but 
_ wonder if research scientists 
don't sometimes get their 
inspiration from authors like 
Daedalus of New Scientist, 


other such heroes of mine. Ed. 


home constructor the simplest 
method is to periodically touch 
the conductive surface of 
something that is known to be 
earthed. The metal body of an 
earthed soldering iron is probably 
the most convenient item 
regularly at hand. You don’t need 
to hold it, just touch it briefly 
every few minutes, especially if 
you are moving around in nylon 
or other static generating clothing. 
Chips are far hardier than many 
people give them credit for, and 
if you handle them sensibly it is 
unlikely that you will kill them. 
Ed. 








-¥ that an April Fool text 





ago I was shown an amusing 
tongue-in-cheek speculative 
article concerning radios that 
could automatically select the 











The report states that these 






type of programme you want, 






irrespective of which station is 
transmitting it. 
The facility is becoming 












radio to search out the particular 









individual listeners in 






since some radios in new cars 





button that is intended to 






Union and at least 11 countries 
are likely to introduce it over the 
next two years. Apparently the 








most significant advance in radio 







Once again it seems that SFis 






even AF texts may sometimes be 








Arthur C Clarke, Isaac Asimov, 
Brian Aldiss, Larry Niven and 
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GCSE PROJECT _ 








PART ONE BY TIM PIKE 


TEACHER COUNTER 


The last in a series of projects aimed at students of GCSE Electronics 
preparing for project work for examination this year. 





i this the seventh and last construc- 
tional article in the present series, I 
have decided to return to my favourite 
branch of the subject. Readers who have 
followed the series will recall that in the 
second article, ‘Teacher Locker’ (PE Oct 
87), I looked at some of the principles 
of digital electronics and specifically at 
the use of logic devices. In designing the 
circuit for the simple digital lock, a 
combination of discrete devices and 
integrated circuits was used to provide 
both the desired logical function and the 
necessary timing and ordering of events. 

In commercial design, it is unlikely 
that such a proportion of discrete devices 
would be used. If the complete design 
could not be produced by a combination 


of standard integrated circuits with just. 


a minimal number of discrete devices to 
support them, then a specialised inte- 
grated circuit would be designed to meet 
the exact needs of the particular appli- 
cation. Almost inevitably such a device 
might possess both digital and analogue 
facilities. | 

In order to justify the relatively high 
costs involved in developing such a 
device, one would need to be fairly sure 
of commercial success. It is hardly likely 
that a circuit simple enough to form the 
basis of a GCSE project is destined to 
receive such acclaim, no matter how 
useful it might be! : 

In this last article, I hope to extend 
the introductory work on logic contained 
in the October 87 article and to use these 
ideas to decode a standard seven seg- 
ment display. By adding a _ binary 
counter, I will produce a simple multi- 
purpose event counter. 


THE SEVEN SEGMENT DISPLAY 

In order to define the system which 
we require the logic to produce, let us 
begin by examining the output device in 
detail. | 

A seven segment display consists of 
seven separate light-emitting diode 
elements arranged in a figure of eight 
such that all ten decimal digits can be 
displayed, together with many other 
patterns. 
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Each diode element would seem to 
require two connections (anode and 
cathode) but it is possible to reduce the 
total from fourteen to eight by making 
all segments share one connection. 
There are therefore two possibilities: 
common anode types in which the seven 
cathodes are each separately available 
together with one shared anode connec- 
tion or the opposite (common cathode 
types) where the seven anodes are 
separately available together with one 
shared cathode connection. For many 
applications, it does not matter which 
type is chosen. 

It is of course always important to 
know which type is in use to avoid 
problems of incorrect polarity when the 
device is put into the circuit. 





Fig 1. Seven segment arrangement 





_Fig.1 shows the standard arrangement 
of segments (labelled a to g). Fig.2 shows 
the pin-out for a common anode display 


a 

f 
COMMON 
NO PIN 
NO PIN 
DEC.PT 
e 





Fig 2. Typical common-anode pin-out. 





contained in a standard dil (dual-in-line) 
package. Note that in addition to the 
seven segments there is also a further 
led unit to provide the option of a 
decimal point. The three pins marked 
‘common’ are all connected to the 
anodes of all led segments. 


( LOW=ON ) 
(HIGH <OFF) 





Fig 3. Single segment drive 





In order to turn on any one segment 
it is necessary only to lower the voltage 
on the cathode of this segment below 
the common anode voltage by about 
+2V. The required forward current to 
illuminate one segment to a specific level 
of brightness will depend upon the physi- 
cal dimension of the display and upon 
the colour of the display segments. A 
series resistor of appropriate value will 
be needed for each segment to limit the 
current. In practice, one resistor may 
sometimes be used for all segments 
where consistency of brightness level is 
considered to be unimportant. Values 
between 822 and 3300 for 5V operation 
are common. Considering just one seg- 
ment as if it were a discrete led, Fig.3 
shows how it can be turned on or off by 
driving the input voltage to the cathode 
low or high. 
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a,b,c,d,e,f 4 
Ci 
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a,b,d,g.e a | 








TJ a,b,c 
a,b,c,d,g ry a,b,c,d,e,f.g 
LJ a) .0,C,0,e,1, 
et b,c,f.g CI a,b,c,f,g 





[y 


Fig 4. Segments for digits 0 to 9 





PRODUCING DECIMAL DIGITS 


Now that we have control of each 
segment independently, our next con- 
cern is to form intelligible symbols by 
combining the segments to form the 
familiar shapes of the ten decimal digits 
(0 to 9). 

Examination of the way in which the 
digits might be represented allows us to 
determine which segments must illumin- 
ate for each digit. 

Fig.4 shows the details. Of course, 
these ten patterns are but a few of the 
total number of arrangements which 
could be produced. For those readers 
with a mathematical interest, each of the 
seven segments can be either on or off. 
There are, therefore, 2’, or 128 possible 
arrangements, including the two 
extreme cases of either all segments OFF 
or all segments ON (the digit 8). Some 
of the other 118 arrangements can be 
useful in certain circumstances. Some 
letters of the alphabet can be created 
either in lower or upper case. This facility 
is commonly used to represent numbers 
in hexadecimal (hex) which is base 
sixteen. Hex requires six additional 
symbols to represent the decimal values 
from ten to fifteen. The first six letters 
of the alphabet may be conveniently 
used. For reasons which are obvious 
when the seven segment display is 
examined, some of these six letters must 
be represented as capitals and some 
must be represented in their lower case 
form. The symbols used are A, b, c, d, 
E and F. 

To return to the production of the 
decimal digits let us consider as an 
example, how the symbol for the digit 
‘3’ must be created. 

From .Fig.4, we see that we need to 
drive the five segments a, b, c, d and g. 
Each of these five segments can be 
considered as an output from our 
system. The inputs to the system will be 
the outputs from a binary counter, set 
to count from zero to nine. | 

In order to represent the ten decimal 
values from zero to nine, a four-bit 
binary code will be required. In this 
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number system, the value for decimal 
‘3’ is 0011. We therefore have four inputs 
(one for each column of the binary 
code). If we call these inputs A, B, C 
and D, where A represents the least 
significant bit (Isb), then this particular 
combination of inputs must produce the 
correct pattern of outputs in order to 
drive the display. | 

Fig.5 shows the generalised system 
diagram to produce the logic circuitry 
which links the binary counter to the 
seven segment display. Fig.6 shows the 
system diagram with the inputs and 
outputs required to produce the decimal 
value ‘3’. Here we have assumed that 
the input to a segment must be high to 
turn on that segment. 





“d OUTPUTS 


OUTPUT 
STATES 


1 
INPUT 
STATES 0 


Fig 6. Logic states to produce decimal 
digital “3”. 


Clearly we could design a separate 
logic system for each of the ten output 
states. It should be possible to econo- 
mise, however, and to consider all ten 
requirements simultaneously. 

The table in Fig.7 relates all ten input 
states to their corresponding output 
states. One of the advantages in present- 
ing the information in this form is that 
it allows us to define, for each output, 
the particular combinations of inputs 
which require the output to be on. 

Consider the output which will drive 
segment ‘a’. ‘a’ must be on for the 0, 2, 
3, 5, 6, 7, 8 and 9 states. It is common 
practice to represent this relationship by 
writing an equation. The equation states 
all the input states which produce a 
certain output state. 





Fig 7. Truth table of 
input and output 
states , 


D C 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 


iE 





BOOLEAN ALGEBRA 


In order to specify the equation in an 
abbreviated form, we use a type of 
algebra which is named after George 
Boole, the 19th century English logician, 
who first proposed this method. 

In this algebra, the standard logic 
functions are represented by symbols 
which link the input variables together. 


AND is represented by a dot (.) 

OR is represented by a plus sign 
(+) 

NOT is represented by a bar over 
the variable e.g. Ameans NOT A 

(Whatever possessed a logician 
not to define AND as ‘+’, asymbol 
which in language terms means 
‘and’? Ed). 

So, to express ‘A AND B 
AND C we simply write A.B.C. 
To express ‘A AND NOT B’, we 
write A.B. 

To express ‘B OR C OR NOT 
D’ we write B+C+D. 


Looking back at Fig.7 to the output 
column for segment ‘a’, we see that eight 
of the ten input combinations will turn 
segment ‘a’ on. We could therefore write 
down that ‘a’ is to come on ‘when the 
inputs register 0 or 2 or 3 or 5 or 6 or 7 
or 8 or 9. In Boolean algebra this would 
be written as: 


a= ABCD. + ABCD. 
(zero) (two) 


+ A.B.C.D. + A.B.C.D. 
(three) (five) 


+ A.B.C.D. + A.B.C.D. 
(six) (seven) 


+ A.B.C.D. + A.B.C.D. 
(eight) (nine) 


The same method could be applied to 
the other six outputs (b to g). Each of 
these would generate an equation in 
Boolean algebra. These seven equations 
will completely define the operation of 
the seven segment display as it counts 
from zero to nine. 3 
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SIMPLIFICATION 


Considering just the output to 
segment ‘a’, we could produce a logic 
design to implement this equation 
directly. 

_ We would require: 
4 NOT gates (one for each variable, 
Ato D). 
8 AND gates (each having four 
inputs). 
1 OR gate (with eight inputs!). 

This would need at least six integrated 
circuits. Assuming that the other six 
output segments would require much the 
same amount of logic circuitry, we‘would 
seem to need about forty integrated 
circuits! a 

Clearly, this is ridiculous. Readers 
who are familiar with seven segment 
display devices will know that the 
complete display driver circuitry is 
available on one integrated circuit. In 
normal circumstances one would simply 
select and use one of these devices. 
However, since we are interested in 
learning about the way in which logic 


can be used to solve problems, it does. 


not suit our purpose to be so pragmatic 
at this stage. We must find a method of 
simplification which will lead us to a 
solution which we have developed our- 
selves, and therefore which we under- 
stand, and yet is simple enough to be 
practicable to construct. _ 

Let us look again at the equation for 
segment ‘a’. Notice that the term which 
represents the zero state (A.B.C.D) and 
the term which represents the eight state 
(A.B.C.D) are identical except for the 
variable D.— | 

One method of simplification which 
will be familiar to GCSE students of 
mathematics is to regroup the terms in 
the whole expression and then to 
‘factorize’ and collect like terms. 

e.g. A.B.C.D. + A.B.C.D. = 

A.B.C. (D+D) 
and by the basic rules of binary 
arithmetic, (D+D) must be equal in 
value to ‘1’. 

So these two terms simplify to 
(A.B.C) the further conjuction with ‘1’ 
being redundant. 

A similar process could be used to 
aig terms representing the six 
state (A.B.C.D) and the seven state 
(A.B.C.D), resulting in just one term, 
(B.C.D). 

Although this is an effective tech- 
nique, it is rather slow and not 
guaranteed to produce the simplest 
overall expression for ‘a’. 


THE KARNAUGH MAP 

Students of electronics who decide to 
take their studies beyond GCSE level 
will later meet a much more powerful 
technique which gives the simplest 
expression for any logical function if 
used correctly. The method is essentially 
a graphical or perhaps a pictorial one. 

Looking back again at the table in 
Fig.7, we understand that with four input 
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variables, there are actually sixteen 
combinations, the highest binary value 
being 1111 (or 15 in decimal). We chose 
to ignore the values from ten onwards, 
as they would not be present in a decimal 
count, to one digit. However, before we 
explore the opportunities offered by the 
Karnaugh Map, we need to be clear that 
these other six binary states can exist in 
an ‘imaginary’ way if we wish to include 
them. 

Ultimately we will be using a binary 
counter to generate the inputs A,B,C 
and D and resetting the counter on the 
tenth pulse. So, although the binary 
codes from 1010 to 1111 will not exist as 
outputs from the counter we could 
include them in the picture and make 
them generate outputs to suit the 
simplification process, knowing that the 
state of these last six outputs does not 
matter as they will never appear on the 
display. Bearing this in mind, let us look 
at the structure of a Karnaugh Map. 

There are a number of simple rules 
which become obvious once you begin 
working with these maps. 

1. The map will be a rectangular (or 

square) grid of boxes. 

2. There must be one box for each 
possible combination of inputs. In 
our case, there are 16 combina- 
tions, so there must be 16 boxes. 
In general there will be 2‘ boxes 
where N is the number of inputs. 

3. Each box must have a unique label 
which refers to its particular input 
combination. 

Fig.8 shows the grid of 4 by 4 boxes 
and one method of labelling. Notice that 
the left-hand two columns are represent- 
ing input A, the right-hand two are 
therefore NOT A. The centre two 
columns represent B, the outer two are 
therefore NOT B. The same ideas apply 
to the rows for C and D. If you care to 
check the labelling, you will find that 
every box represents a different combin- 
ation of inputs. 


COMPLETING THE MAP 


There is only one rule for completing 
the map. Wherever there is a ‘1’ in the 
input-output chart (Fig.7) or truth-table, 
a ‘1’ must be placed in the corresponding 
box on the map. We already know that 
there are eight ‘1’s for output ‘a’. So the 
map for output ‘a’ will look like Fig.9. 

There are only two known zero out- 
puts — they occur for the states 
representing 1 and 4. So these can be 









| Fig 8. Empty Karnaugh map for a 
_four-variable logic function. 
Fig 9. Map for output segment “a” 
(required “I” and “0” states). 

Fig 10. Map for segment “a” (known 
“1” and “0” states) 

Fig I. Use of wrap-around effect to 
_ obtain larger groups of boxes. 

Fig 12. Completing the map with 
“imaginary” states. — 











PRACTICAL ELECTRONICS APRIL 1988 


OUNTER 





added to the map (Fig.10). The remain- 
ing six boxes represent the binary 
combinations from 1010 to 1111. Since 
we are not going to allow these to exist 
in Our counter, it does not matter 
whether they generate a zero or a one. 


READING THE KARNAUGH MAP 


So far so good (I hope!). The really 
clever part about the Karnaugh Map 
method comes when we read off the 
information. The strategy is to read off 
blocks of information rather than single 
box labels. There are however two or 
three rules: 

1. The groups of boxes must be 
rectangular groups (i.e. not diagonals). 

2. The groups must be binary groups 
(i.e. one box, two boxes, four boxes, 
eight boxes etc.). 

3. The groups must be as large as 
possible. Large groups have simple 
labels. 

To help with this process it is useful to 
remember that the top and bottom of 
the map are really joined; so too are the 
left and right edges. This is called the 
‘wrap-around effect’. It is fairly clear 
from Fig.10 that the largest group we 
can obtain is a group of four boxes 
containing 1s as shown in Fig.11. This 
group requires the use of the ‘wrap- 
around effect’. 

The label for this group is (B.D). So 
this will be one term in our simplified 
expression for segment ‘a’. We must read 
off all the boxes to obtain the full 
expression and we can include some of 
them more than once if we wish. 

With the map as it stands, there are 
no other groups of four 1s. The best we 
can do is to form three other groups, 
each of two boxes, to cover all the “1 
boxes”. There is more than one way of 
doing this but the net result is a final 
expression for ‘a’ such as: __ 

a=B.D+A.C.D+A.B.C+B.C.D 
ora=D.(A.C. +B) + B.C. (A+D). 

Although very much simpler than the 
original expression, this will still require 
the following gates: 

4 NOT gates (1 for each variable). 

+ 3AND gates } or { +4AND gates 

+3OR gates} {+OR _ gate. 

We would still need three or four 
integrated circuits to implement this 
solution. 


INCLUDING THE ‘IMAGINARY’ 
STATES 


Looking at the Karnaugh Map of 
Fig.10 again, it is fairly clear that if we 
had more boxes with 1’s in them then 
we could write a much simpler 
expression. 

In fact if we fill in all the other unused 
boxes with imaginary 1’s then a very 
much simpler expression results. Fig.12 
shows the original map plus _ the 
imagined states in brackets. 

There are now two groups of eight 
boxes (B and D), leaving only the two 
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corners of the principal diagonal to be 
included. These can be incorporated into 
two groups of four boxes. One corner is 
included in the group (A.C) and the 
other in the group (A.C). 
The final expression which will drive 
segment ‘a’ correctly up to decimal 9 is:— 
a=B+D+A.C.+ A.C 
This can be produced with just: 
2 NOT gates 
2 AND gates 
1 OR gate. 
The logic circuit design is shown in 
Fig.13. 


FURTHER ECONOMIES 


Now that we have reached this level 
of sophistication it becomes obvious that 
we would be wasting integrated circuits 
if we were to use three different devices 
to produce this circuit. 

Another fascinating aspect of logic 
design is that any Boolean expression 
can be implemented entirely from 
NAND gates or entirely from NOR 
gates. 

NAND gates are a little easier to work 
with, starting from the Karnaugh Map. 
The simple expression above for ‘a’ can 
be re-written to suit NAND gates very 
easily indeed. 


De Morgan’s theorem states that:— 


A.B =A+B (NOR) 


and... 
A + B =A.B (NAND) 
By applying a double inversion to the 
whole of the right hand side of the 
equation for ‘a’, 


22 38:+D+AC+AC 
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Fig 13. Logic circuit to drive 


segment “a 


OUTPUT 
a 





We are then able to apply De Morgan’s 
theorem to obtain: 


a=B.D.A.C.A.C 


Although this appears to be more 
complicated than the simple expression 
obtained from the Karnaugh Map, it 
does only require NAND gates. Namely: 

4 NOT gates (which can be 
NAND gates). 

2 two input NAND gates. 
1 four input NAND gate. 

Perhaps the NOT gates are best 
produced from a simple hex inverting 
device because of its ease of use. We will 
then need one inverting gate device plus 
half of each of the two types of NAND 
device. The best circuit design for output 
‘a’ with just two types of gate is shown 
in Fig.14. 


EXTENDING TO ALL SEGMENTS 


Exactly the same analysis for 
segments b to g produces the results 
shown below. I will leave it to you to 
verify that these Boolean expressions 
are correct! 


b =A.B.+A.B+C+D 
c=A+B+C+D 

d= A.Bi+A.C+A.B.C + BC 
e=AB+A.C 

fA Be+°A:C+B.C+D 


g=A.C+B.C+BC+D 

A quick glance at this set of equations 
reveals that a number of the terms within 
them occur more than once. For 
example (A.C) occurs three times. 
Clearly we can economise in another 
way by utilising the same section of 
circuitry each time a particular term is 
needed. 


OUTPUT 
a 


Fig 14. Logic circuit to 
drive segment “a” 
using NAND and NOT 
gates only. 
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gates only (suitable for common 
cathode display). 


Converting these expressions to 
NAND and NOT only generates the full 
set of equations given below: 


d=A.B.A.C.A.B.C.B.C 
e =AB.A.C 
f = AB. A.C. B.C. D 


g =A.C.B.C.B.C.D 


COUNTING THE COST 


A tally of the gates used in Fig.15 
shows that we require: 
4 x NOT gates : 
9 X two input NAND gates 
1 X three input NAND gates 
6 X four input NAND gates. 
The most economical way of produc- 
ing this circuit would require the use of: 
1 X hex inverting integrated circuit 
2 X two input NAND gate integrated 
circuits 
1 x three input NAND gate integrated 
circuit : 
3 x four input NAND gate integrated 
circuits. 


Throughout this analysis, we have 
assumed that we need to produce a logic 
1 to turn on the disply. If this is not so, 
then the output must be inverted before 
being presented to the display. 


Many readers may well feel by now 


that the complexity of the design in 
Fig.15 is not justified when one recalls 
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Fig 15. Complete logic array for all 
segments using NAND and NOT 
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that a single specialist integrated circuit 
can be purchased to perform this very 
function. Certainly only the most able 
GCSE candidates should consider build- 
ing the logic array in Fig.15. The alterna- 
tive is to use a display driving chip. 
Whichever option is chosen, I hope that 
the analysis of the logic array is useful 
to all budding digital electronic 
engineers. At the very least it gives a 
much better appreciation of the sophis- 
tication of the display driving chip. 


FULFILLING THE ORIGINAL 
DESIGN BRIEF 


One very important aspect of all 
project work for examinations in elec- 
tronics is that the final circuit must fulfil 
the original objectives. In order to create 
a simple event counter we need to add 
a four-bit binary counter, resetting on its 
tenth pulse and a means of clocking the 
counter. A complete system diagram is 
shown in Fig.16. 





CLOCKING 
MECHANISM He apron 
WITH DEBOUNCE 


The clock might be produced from a 
square wave generator running on its 
lowest frequency or perhaps more easily 
from a manual switch. A simple push to 
make switch or even a microswitch will 
often suffer from ‘contact bounce’. This 
phenomenon results in multiple pulses 
being entered when in fact only one 
pulse was intended. It can be overcome 
by incorporating an anti-bounce circuit 
between the switch and the clock input 


Fig 16. Block diagram for a simple event counter. 













Fig 17. Simple switch anti-bounce circuit 


to the binary counter. A pair of hex 
inverters with resistive feedback 
(forming a Schmitt trigger) connected as 
shown in Fig.17 offers one type of anti- 
bounce circuit. Cmos inverters are more 
likely to work well in this situation. The 
100uf capacitor acts as a large reservoir 
of charge to help to avoid pulses 
appearing on the supply rails. 


ALTERNATIVE TRIGGER 
MECHANISMS 


Our simple event counter can easily 
be adapted to count pulses of a different 
nature if an appropriate transducer and 
switching circuit is added. 

Some ideas might include an optically 
triggered switch based on an Idr, a photo- 
diode or a photo-transistor, or a 
magnetically operated switch based 
perhaps on a reed relay. 


COUNTING LARGER NUMBERS 


The other likely improvement which 
we should consider is how to adapt the 
ideas given so far to extend the range of 
the counter. Certainly it would be useful — 
to count from 0 to 99, if not to 999 or 
more. Each additional decimal column 
requires an extension to the binary 
counter. If we are to retain the use of 
the logic array developed in Fig.15, then 
each subsequent decimal column will 
need its own four-bit binary counter 
connected to reset on its tenth pulse. 
The second column counter will be 
clocked either from the reset pulses to 
the first counter or by recognising the 





DRIVER/ 
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transition from the ‘nine’ state to the 
‘ten’ state of the first counter. 

In Part Two next month the circuit for 
a practical event counter will be shown, 
complete with constructional details. 








Tim Pike is Deputy Headmaster of the 

Ramsden School for Boys in Orpington, 
Kent, and has taught Electronics to ‘A’ 
level standard for thirteen years. 
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m 25/30 Watt MOSFET Audio Power Amplifier 4-8 Ohms Kit - 
£21.97 R/Built £26.00 ad me 
oT @ 10 Channel Variable Speed running light Kit drives LEDs or x5 
+ -Mains lamps. Includes LED display board and LED lamps [77 
TT] — Kit £15.89 R/Built £19.15 . ea] 
- {| @ Mains Add-on interface board for controlling Mains!amps_ []_] 
Pt} sofromour running light unit Kit £4.95 R/Built £5.00 a] 
| || ¥ Plus & Minus regulated power supply 1-Amp state 5,12, LJ 
Li} 15, or 24v Kit £11.82 R/Built £14.82 + 
| @ Variable Time Delay Relay unit Kit £5.71 R/Built £7.71 — 
TT] Mi 25/30 Watt 12-Volt opp. R.F. Linear Power Amplifier for ed 
TT} — Amateur Radio Kit £26.66 R/Built £31.66 oS 
an @ Selectable tone generator 9—-12v operation Kit £5.50 —— 
R/Built £7.50 
|| | @ 3Note Electronic Door Chime unit, 9 volt operation, = 
+ 3 melodious tones, variable frequency, Kit £9.83 R/Built wih ha 
£12.00 
HH im Miniature FM Transmitter, 60-145MHz Kit £6.95 R/Built 1 
Pd |). Seo x 
{| @ 3 Watt FM Transmitter, 80—-108MHz Kit £13.99 R/Built 4 
|| | £18.99 
|_| mi 300 Watt Light Dimmer unit for 240 volt mains lights Kit -+- 
ae £6.95 R/Built £10.95 ah hee ta ick 
@ 4 Code Digital Code unit plus Key Pad — Select own code 
+ volt Kit £16.31 R/Built £19.95 4 
-—T-] _@ 5-100 Watt Electronic Loudspeaker Overload protector, a ee 
-y | adjustable Kit £11.40 R/Built £15.40 2 es 
—— @ VU Meter 10 LED indicator, 5 to 12dB range Kit £13.63 a 
R/Built £18.63 
|| | m 18 Watt Car/Home Power Amp 12-V Kit £14.50 R/Built ek 
+ — £16.80 + 
| @ Amplifier Power Meter; 10 LED indicator from 0.25-100 Watt an 
7-7 Input — 9 volt operation Kit £12.94 R/Built £14.94 
| || @ Light sensitive relay unit; variable ae 
| | | — sensitivity trigger control; 
TT! senses light or dark — TS 
a wt ; : 
r+] ~ selectable. Kit £8.91 opuc 
Be R/Built £10.91 Ry —- 
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rT @ 5mmLCD digital sports Chronograph hand held £10.95 [77 
||| @ Digital Blood pressure meter/monitor LCD readout £44.83 [|_| 
| | | m@ Digital LCD temperature module for panel mounting 

1} to + 68°C £16.82 Rs 
+ @ 3.5” digital LCD Professional series digital multimeter, —— 
6 Be reads Capacitance, Temperature, Voltage, Conductance, [77 
ee Diodes, Transistors AC/DC voltages & Continuity £63.25 

| {|_| @ Zenith Speech processor P-202 £29.50 

|| | 6@ High quality touch dimmer 

4 _ 500W £12.99 
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OSCILLOSCOPES . 


TELEQUIPMENT D83 Dual Trace 50MHz Delay Sweep. 
Large Tube £350 
S. E LABS SM111 Dual Trace 18MHz Solid State. Port- 
red er or External DC operation 8x10cm display with 


£150 
Noy ph ple $54A Single Trace 10MHz. Solid State 
with Man £90 
GOULD/ ADVANCE OS255 Dual Trace 15MHz £225 
with Manual 

HAMEG 207 Single Trace 8MHz. With Manual ..... £50 


MULTIMETERS 


AVO 8 Complete with Batteries & Leads from 

AVO 8 MkV Complete with batteries Leads & Case £90 
AVO TEST SET No. 1 (Military version of AVO 8) Com- 
plete with Batteries Leads & case £65 
TEST LEADS suitable for AVO METERS Red & Black with 
2 croc-cups & 2 prods (p&p £2) £5 
AVO Model 7x Complete with Batteries. Leads & ~~. 


9 f£ 
AVO Model 73. Pocket Multimeter (Analogue) 30 ranges. 
Complete with batteries & leads £18 
AVO - 72 Similar to above but no AC current range. With 
batteries & leads £10 
ANALOGUE POCKET MULTIMETERS Philips & Taylor etc. 
With Batteries & Leads from £10 


COMMUNICATION RECEIVERS 
RACAL RA17 500MHz with Manual only £150 


LABGEAR Colour Bar Generator KG1. 8 Test Patterns. 
(P&P £4) ONLY £40 each 


AVO TRANSISTOR TESTER TT169 
Handheld GO/NOGO for in-situ Testing. Complete with 
Batteries Leads & instructions (P&P £3) unused £12 each 


ISOLATING TRANSFORMERS 240V INPUT 
240V Out 500VA .. £15 (p&p £5) TOOVA § £6 (p&p £2) 
24V Out 500VA £6 (p&p £5) 200VA £4 (p&p £4) 


STEPPING MOTORS 


Type 1 200 Steps per rev. 4 Phase (5 wire) 12 24V 
Torque 250z inch will run on 5V with reduced 


Type 2 


Type 3 NORTH AMERICAN PHILIPS 24. Steps per rev. 4 

wire 5V 3.3Amps 0.250rpm 0.200 PPs £6 each 

Type 4 a Steps per rev. 120V (3 wire) ee" 250z 

nch each 

Type 7 WARNER 24 Steps per rev. 3 Phase (6 ure vee 
Holding Torque 450z. inch 


‘ held at Earls 
+ oan | 





SPECIAL OFFERS 

COSSOR OSCILLOSCOPE CDU150. Dual Trace 35MHz 
Delay Sweep. Dual State Portable 8x10cm Display With 
Manual NOW ONLY £180 each 
Optional Front Protection Cover. Containing 2 Probes & 
Viewing Hood £10 
SOLARTRON OSCILLOSCOPE CD1400 Dual Beam 
15MHz With Manual ONLY £85 each 
AVO VALVE TESTER CT160 Suitcase style. 22 Bases 

ONLY £25 each (p&p £7) 


DISK DRIVE PSU 240V 1N:5V 1.6A & 12V 1.5A out Size 

W125mm. H75mm. D180mm. Cased Un-used only £10 

p&p £27 

QUERTY KEYBOARD (as in LYNX MICRO) pust to make 

Cased £5 each (p&p £2) 
SWITCHED MODE PSU +/-12V 0.25A:5V 15A etc. 

£12 each (p&p £3) 

OTHER SWITCHED MODE PSU available. Please enquire. 

DISK DRIVES 5%" - Double Sided. Double Density. 80 


MARCONI AF Power Meter TF893A 20Hz-35KHz. 
20uW-10W. With Manual (p&p £7) only £35 


MARCONI RF Power Meter TF1152A/1 DC-500Mhkz. 0.5 
to 25 watts 50ohm. With Manual (p&p £7) ..... only £45 


MARCONI AM/FM Sig Gen TF1066B 10-470MHz £250 
MARCONI AM/FM Sig. Gen. TF995 range from .. £150 
FARNELL SINE/SQUARE type LFM2 1Hz-1MHz Compact 


NEW EQUIPMENT 
HAMEG OSCILLOSCOPE 605. Dual Trace 60MHz. Delay 
Sweep. Component Tester £583 
HAMEG OSCILLOSCOPE 203.6. Dual Trace 20MHz. 
Component Tester & 2 Probes £ 
All Other Models Available. 


BLACK STAR FREQUENCY COUNTERS P&P £4 
Meteor 100-100MHz £99 


BLACK STAR JUPITOR 500 FUNCTION GENERATOR 
Sine/Square/Triangle 0.1Hz-500KHz. P&P £4 .... £110 
BLACK STAR ORION. PAL TV/VIDEO COLOUR PATTERN 
GENERATOR 9 


HUNG CHANG DMM 7030. 3% digit. Hand held 28 ranges 
including 10 Amp AC/DC 0.1%. Complete with batteries 
& leads. P&P £4 £39.50 


Used equipment - with 30 guarantee. Manuals supplied if possible. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone or Lists. Please check availability before 


ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage. 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL 


Telephone: 0734 68041 Callers welcome 9am - 5.30 pm Mon.-Fri. (until 8 pm Thurs.) 
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A I reported in last month’s Space- 
watch, the quasar distance-record 
has been broken yet again. The quasar 
Q0000-26, a 20th-magnitude object on 
the borders of Sculptor and Cetus — has 
a red shift of 4.11, corresponding to a 
distance of around 13,000 million 
lightyears and a recessional velocity 93 
per cent that of light. Yet some uneasy 
doubts are starting to creep in. For years 
now Dr Halton C. Arp, formerly of 
Mount Wilson Observatory and now at 
the Max Planck Institute in Germany, 
has been maintaining that the red shifts 
are not pure Doppler effects, and are 
therefore unreliable as _ distance 
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indicators. Arp has shown that in many 
cases, obviously-associated galaxies and 
quasars, or even pairs of galaxies, have 
completely different red shifts. In his 
new book Quasars, Redshifts and 
Controversies, Arp repeats these claims, 
and produces observational evidence in 
support. He is not alone in his views; 
one of his notable supporters is Fred 
Hoyle. 

At the moment, the majority view is 
that the correlations are coincidental, 
and that the quasars really are super- 
luminous and so remote that they cannot 
be too far from the edge of the 
observable universe. But if Arp is 


The Sky This Month 


Russian astronaut Romanenko has returned in good health. Manned 
| flight to Mars must be a step closer. 


correct, then quasars might even be 
found in our own Local Group of 
galaxies, and many of our cherished 
theories will have to be abandoned. We 
may not be back in Square One, but we 
will certainly have returned to Square 
Two! We must now await the results of 
further research. 

There are reports that a meteorite — 
the Murray Meteorite, from Kentucky — 
has been found to contain specks of 
silicon carbide which are very old 
indeed: older than the Solar System. If 
this is confirmed, it will be of great 
cosmological importance, but again we 
must await further studies. 





enus still dominates the early evening sky throughout 

March this year. Its magnitude remains at —-4.2, but 
it is not yet at its brightest; this will occur when the phase 
has decreased to less than half — the lesser distance from 
Earth more than compensating for the fact that less of 
the sunlit hemisphere is turned in our direction. In March 
the phase shrinks, theoretically, from 66 per cent to 53 
per cent; but during evening apparitions the time of 
‘dichotomy’ or exact half-phase is always early, and so 
observers will do well to estimate the phase during the 
last few evenings of March. This “Schroter effect” (a 
name which I introduced many years ago, because the 
phase discrepancy was first noted by the German pioneer 
observer J.H. Schr6ter) is due to Venus’ dense 
atmosphere. 

On March 6 Venus is only 2 degrees away from Jupiter, 
and this will be an event worth photographing even 
though it is not in the least important scientifically. Of 
the other naked-eye.planets, Mercury will not be on view 
this month, but Saturn (magnitude +0.5) is a morning 
object, low down in the constellation of Sagittarius. 

The Moon is full on March 3, and new on the 18th. 

There is a total eclipse of the Sun on March 17/18, but 
unfortunately nothing of it will be seen from Britain; to 
see it you most go on a long journey — for example the 
Philippines, the Aleutian Islands, north-west Australia, 
New Guinea or western Hawaii. The maximum length 
of totality will be 3m 46s. For the next British total eclipse 
we must wait until 11 August 1999. _ | 

There are no major meteor showers in March, though 
we may see a few Virginids (the maximum of this shower 
is around 12 April, but at best it is very sparse). Neither 
are there any bright periodical comets on view. | 
In the starry sky, we have more or less completed the 





changeover from winter to spring groups. Orion sets in 
mid-evening, leaving only part of the Hunter's retinue 
on view — notably the Twins, Castor and Pollux, and the 
brilliant Capella in Auriga. Ursa Major, the Great Bear, 
is almost overhead, follow round the ‘tail’ and you will 
reach Arcturus in Bootes, the Herdsman, a lovely light 
orange star which is actually the brightest in the northern 
hemisphere of the sky (its only superiors — Sirius, 
Canopus and Alpha Centauri — are all south of the 
celestial equator). Note the little semicircle of stars close 
to Arcturus which marks Corona Borealis, the Northern 
Crown. In the ‘bowl’ of the Crown you can usually see 
two stars with any binoculars. One of these is of 
magnitude 6.6, not far below naked-eye visibility. The 
other is the famous variable R Corone, which is usually 
of magnitude 6, but which periodically ‘viels’ itself with 
clouds of soot and sinks to a minimum so faint that large 
telescopes are needed to show it at all. One can never 
tell when R Corone is going to fade, so itis worth keeping 
a check. It is not unique, but stars of the same type are 
very uncommon. : 

Leo, the Lion, is high in the south, and is the leader 
of the spring groups; it is marked by a curved line of 
stars, making up the so-called Sickle, of which the leader 
(Regulus) is of the first magnitude. The rest of Leo 
consists of a triangle of stars to the east of Leo. One of 
these, Denebola, was ranked of the first magnitude in 
ancient times, but is now rather below the second, either 
it has faded, or (more probably) there is some error in 
interpretation. Below Leo lies the vast, sprawling Hydra 


(the Watersnake). It is the largest constellation in the sky, 
but contains only one bright star — the reddish Alphard 
_ (the “Solitary One’) which can be found by using Castor 


and Pollux as direction indicators. 
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THE WAY TO MARS? 


On 29 December 1987 Colonel Yuri 
Romanenko, of the USSR, returned 
safely to Earth after having spent a 
record 326 days on the space-station Mir. 
Together with his fellow cosmonaut, 
Alexander Alexandrov, he came down in 
Soviet Kazkhstan, well on schedule. The 
two cosmonauts who have taken over on 
Mir — Vladimir Titov and Musa Manarov 
— expect to remain on the station for 
most or all of 1988. 

It is an open secret that the Russians 
are thinking very seriously about a 
manned mission to Mars, and 
Romanenko is on record as saying that 
this long space mission has brought Mars 
‘closer’. It could well be that the 
Russians will reach for Mars without 
having landed a man on the Moon — 
though of course this is little more than 
guesswork. Meanwhile, what are the 
prospects for Mars? 

Though the Soviet instrumentation is 
in many ways inferior to the American, 
there can be little doubt that on the 
whole they are now much more 
advanced in space — particularly in view 
of the new troubles with the US Shuttle. 
(How well I remember Wernher von 
Braun telling me that he would never 
willingly use solid fuels for launching a 
man into space!) So far as Mars is 


concerned there is every reason to - 


suppose that the electronics techniques 





are fully adequate. So, probably, is the 
guidance, though it must always be 
remembered that Mars is a very different 
proposition from the Moon; it is much 
further away, does not keep close beside 
us as we travel round the Sun, and 
provides no chances for a ‘quick return’, 
as happened with Apollo 13 when there 
was an explosion on board the space- 
craft during the outward journey. On the 
other hand, Mars does almost certainly 
have a supply of H,O, locked up as ice, 
and the surface gravity is much greater 
than that of the Moon. The main 
problem is the fact that the thin, 
carbondioxide atmosphere is of very 
little use so far as men are concerned. 
Were these the only hazards, there 


might be no reason why a Mars mission 
should not be feasible within the next 
decade or two — but there is another 
point to be borne in mind: the human 
body. Can a man (or, for that matter, a 
woman) endure long periods of zero 
gravity without suffering permanent 
harm? 

The Russians have taken all possible 
precautions (exercise, for example), but 
there are some factors outside their 
control, and one of these is a possible 
deterioration in a cosmonaut’s bone 
structure. This is certainly one reason 
why cosmonauts have been left on Mir 
for protracted periods. What effects 
there have been on Romanenko we do 
not know at the time when I write these 
words, though he seems to have felt 
reasonably fit when he landed, and 
mentally he was in perfect condition. It 
may well be that he will provide 
invaluable clues when his state of health 
is monitored over the next few months. 

So — will we get to Mars? I believe we 
will, within the next half-century and 
probably well before. If we fail, 
however, it will be due to human 
physique — not to electronics! 






The drawing of Mars was made by 
Paul Doherty and is from an article 
on observing the planets in the 
February 1988 issue of Astronomy 
Now. 
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ibe part 4 we looked at some of the 
characteristics and applications of 
junction fets. Here we shall look at what 
I think is the most interesting area of 
discrete semiconductors, mosfets. This 
generic term covers a wide range of 
device types, including dual gate mosfets 
intended for use as: small signal uhf 
amplifiers, and high power devices 
capable of switching tens of amps and/or 
hundreds of volts. 


CASCODE 


First of all, however, there is one more 
junction fet application to cover. The 
circuit configuration is cascode, and it 
has the advantage of leading on neatly 
to dual gate mosfets. Fig.47 shows an 
example of a cascode rf amplifier circuit. 
In this circuit, the input signal is isolated 
from the output signal because they use 
different fets. This means that the output 
signal cannot affect the input signal via 
the miller (drain to gate) capacitance of 
the fet. | 

Such signal feedback can reduce the 
gain at moderate frequencies, as well as 
reducing the apparent input impedance, 
but at vhf and uhf the phase shift in the 
fet and circuit can be enough for the 
miller feedback to cause oscillation. This 
effect can be tuned out by extra 
controlled feedback, at least over a 
limited frequency range. This technique, 
known as neutralisation, has been used 
both for valve and fet circuits, and is 
probably best known by radio amateurs 
who have built hf linear power amplifiers 
or two metre converters in times gone by. 

More advanced two metre converters 
used a cascode circuit to avoid the 
problems of adjusting the neutralisation, 
and nowadays would almost always use 
a dual gate mosfet such as the BF981. 
Fig.48 shows an rf amplifier with an 
equivalent function to that of Fig.47, but 
using a BF981 dual gate mosfet. 

In this circuit, you will notice that 
there are small value resistors in series 
with the decoupling capacitor on the 
second ground. The test circuits in 
semiconductor data books normally 
show a decoupling capacitor without a 
series resistor, but in practice, with a 
tuned load connected to the drain, the 
circuit is likely to oscillate. This effect is 
apparently a function of internal 
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PART 5: POWER MOSFETS 
BY ANDREW ARMSTRONG 
CMos, VMos, DMos 


The versatility of mosfets means that their range of applications is 
expanding faster than that of other discrete semiconductors, especially 
for small high frequency signals and large power-handling functions. 








Fig 47. Typical cascode rf amplifier , OUTPUT 


Fig 48. Typical dual gate mosfet 
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Fig 49. (Above) Equivalent circuit to BF981 
Fig 52. (Right) Low impedance source amplifying 


capacitances of the device causing an 
apparent negative resistance in series 
with gate two. This oscillates due to stray 
capacitance from the drain load unless 
the negative incremental resistance is 
cancelled by a positive resistance. 


MULTIPLICATION 


The second gate of the. dual gate 
mosfet does not have to be decoupled 
to earth. The bias voltage applied to this 
gate controls the gain of the device, and 
the effect is approximately linear over a 
limited range. The obvious application 
of this effect is to carry out age gain 
control in a radio receiver, and dual gate 
mosfets are used in just this way. Gain 
reduction by this method can prevent a 
strong signal from being amplified so 
much as to overload the next stage, but 
it cannot prevent overload of the stage 
being controlled. It is a useful technique, 
but cannot substitute for a switched 
attenuator in conditions of very high 
local signal. 

Another slightly less obvious use for 
gate two is to inject local oscillator signal 
in the mixer stage of a radio receiver. 
This is slightly less obvious, but ideally 
a mixer should be linear with respect to 
the input signal and the local oscillator, 
SO as not to generate harmonics and 
cause crossmodulation, noise modulat- 
ion, and other problems. It should, 
however, multiply the two signals so as 
to produce sum and difference signals. 


Sin(w1) x sin(w2) = % 
X (cos(wl—w2)—cos(w1+w2)) 
in the ideal case. 


The dynamic range is limited, so that 
this is not always suitable for the first 
mixer of a communications receiver, but 
for the second mixer (eg to convert 10.7 
to 470 kHz) it is very useful. 


CHARACTERISTICS 


The BF981 is a particularly useful 
mosfet for amateur rf construction, so I 
have included more information on it. 
Fig.49 shows an approximate equivalent 
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30k 
at 7OMHz 


SOURCE 
ee 


75.0 INPUT 


circuit for the device. The capacitances 
shown behave as you might expect, but 
the resistances are dependent on 
frequency, with an effectively infinite 
value at dc. The resistances, determined 
at a particular frequency from graphs 
showing input admittance and output 
impedance, are due to a combination of 


0 1 
Vg1~-<(V) 
Vds = 0V:Vg2-s2 +4V ne 


Fig 50. Bias voltage against current 
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036753 


Fig 51. Drain characteristics 














the limited operating frequency of the 
device and its internal stray feedback 
effects. 

Further information for the would-be 
designer is given in Fig.50 and Fig.51, 
which show the mutual conductance 
curve and the drain characteristics 
respectively. As is clear from the graphs, 
this mosfet is a depletion mode device, 
which seems to be a characteristic 
common to most rf mosfets. 

The curves in Fig.50 show that the bias 
voltage to produce any given current can 
vary from device to device by 1.2 volts, 
over which range the drain current 
changes by approximately 10mA. 
Clearly, a fixed bias voltage between 
gate and source would not be 
appropriate, and some means of 
stabilising the bias would be required. 
The circuit. of Fig.48 demonstrates this. 
The voltage across RS is approximately 
12V, and fet bias voltage variations will 
change this by less than 10% from device 
to device. | 

Sometimes, for example to achieve 
the. lowest possible noise figure in 
amplifying the signal from a low 
impedance source, it can be 
advantageous to feed the signal into the 
source terminal of the mosfet, as 
illustrated in Fig.52. In this case it is 
important to know’ the — source 
impedance. : 

Forgetting any reactive effects, which 
are usually small, the resistance looking 
into the source is determined by how 
much the source current changes for a 
given change of source voltage, ie the 
Yfs figure in the data book. The Yfs is 
quoted as 10mA/V (min) and 14mA/V 
(typ). No maximum figure is given, but 
it would be safe to assume that few 
devices if any will exceed a gain of 
20mA/V. 10mA/V corresponds to 1000, 
and 14mA/V to 71.40 so the source will 
provide a reasonable match to a 750 
signal source. 


POWER MOSFETS 


To delve further into the intricacies of 
rf design using dual gate mosfets would 
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only be warranted in the design of a 
project, so now we will turn to look at 
power mosfets. For the purposes of this 
feature, I am defining power devices to 
include small mosfets such as the VN10, 
because these devices are often used in 
ways more concerned with power 
switching and control than _ signal 
amplification. They are, at any rate, in 
a very different category from dual gate 
mosfets for rf use. 

Several different types of power 
mosfets are available, and are intended 
for different purposes. Fig.53 compares 
vmos and dmos device structure with a 
four layer bipolar transistor. As well as 
showing general device structure, this 
comparison shows that power mosfets 
include both an antiparallel drain-source 
diode and a parasitic bipolar transistor 
in their structure. | 

The diode is often a useful addition to 
the device, and its current and switching 
time is specified in some data sheets. 
The transistor, on the other hand, is 
completely unwanted. Under most 
circumstances it cannot be biased on, 
and in any event its gain is very low, but 
it can cause trouble in some switching 
circuits, where charge storage can cause 
an unwanted conduction path for a brief 
period. Normally, however, it can be 
ignored. 

Both vmos and dmos devices have a 
relatively low gate capacitance and a 
correspondingly high on_ resistance. 
Producing devices with a lower on 
resistance almost inevitably results in 
higher capacitance. For example, the 
VN67 vmos fet has an input capacitance 
(Ciss) of 50pF, and a reverse transfer 
capacitance (Crss) of 10pF. Its Rps (on) 
is 3Qu. The IRFZ30 hexfet has a Ciss 
of 1600pF and a Crss of 200pF. It takes 
much more drive current to switch this 
latter fet quickly, but its Rps (on) is 
0.050. 

The structure of a hexfet is shown in 
Fig.54. The typical hexfet has a large 
array of hexagonal elements, with a 
correspondingly large gate area. Note 
the use of a polysilicon gate rather than 
the metalised type used in vmos fets. It 
would be more difficult to deposit a 
metal gate to the required accuracy than 
to diffuse a layer of silicon. 


OTHER POWER FETS 


There are a couple of other sub-genres 
of power fets which are of interest. The 
first is typified by Ferranti’s ZVN and 
ZVP range of devices. These devices 
have a vertical dmos structure, and are 
available in a range of packages from 
E-line to TO3. The E-line devices are 
suitable for such purposes as switching 
lamps and relays when driven from 
cmos, in situations when darlington 
transistors would otherwise be required. 
They can also be used effectively for 
small switched mode power supplies and 
voltage converters. The ZVNO106A, 
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Fig 53. (Above) 
Junction transistor, 
VMos and DMos 
comparison. 

L-R: 4-layer bipolar 
transistor, VMos fet, 
vertical DMos fet. 
Fig 54. (Right) 
Hexfet structure. 








TABLE 4 FETS 7 ec 
‘TypeNo. _—gfs(min) == sdssmA 
eS OO 





M 
BI pies 

cones ee 
Se rrrmrrrr—“(_COCiCE:C 









Power mosfets (enhancement) 





which is included in Table 4, is a good | 
example of this type of mosfet. | 
A fairly new device (introduced in the | 
last year) is the HEXsense current | 
sensing power mosfet. In this device, a _ 
few of the cells have a separate source | 
connection. Because they are on the 
same die, and have the same electrical 
characteristics and operating tempera- 
ture, the current flowing in these cells is 
an accurate fraction of the total device 
current. This lower current can be 


measured with a much lower power dis- 
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_ Idss = zero gate voltage drain current 
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sipation than by measuring the whole 
device current. A typical current sense 
ratio if 1:1500. 

. A major application of HEXsense 
devices is likely to be in switched mode 
power supplies, where the switch current 
must be monitored. The linearity is not 
good enough to provide the only source 
of feedback in audio amplifiers, but the 
devices should be ideal for servos in 
which there is an overall control loop. 


POWER CHARACTERISTICS 


One obvious application for power 
mosfets is in switched mode power 
supplies. In this application, mosfets 
have one major advantage over bipolar 


transistors, in that they can be connected . 


in parallel to increase the overall current 
capability without the need for current 
sharing resistors. If two similar mosfets 
are connected in parallel and driven with 
adequate voltage to make them switch, 
then a reasonable overall current rating 
for the circuit is 80% of the sum of the 
ratings of the parallel devices. This 
applies to larger numbers of parallel 
devices, though statistically there will be 
a greater safety margin if the 80% figure 
is used with larger numbers. 

The reason for this is quite simple. 
While bipolar transistor have a positive 
temperature coefficient of current, 
which is to say that collector current 


MOSFET OPERATION IN THIS AREA 
MAY BE LIMITED BY Rds (on) 


increases as temperature increases, fets 
operate in the reverse manner. The value 
of Rps (on) increases with temperature, 
so that if one device in a parallel 
combination passes more than its share 
of the current it will warm up and its 
resistance will increase relative to the 
other fets in the circuit. Thus any 
imbalance of current is self limiting. 

A factor which is helpful when 
designing power linear circuits is the 
absence of second breakdown in power 
mosfets. The operating conditions are 
limited by the maximum voltage rating 
at one extreme, the maximum current 
rating at the other, and otherwise only 
by power dissipation. This is illustrated 
by Fig.55, which compares the safe 
operating areas of typical power bipolar 
and field effect transistors. 

To understand why power mosfets are 


Fig 55. Safe operating 
areas of typical power 
bipolars and fets. 


MAXIMUM 


POWER 
DISSIPATION 


“SECOND BREAKDOWN” 
AREA OF BIPOLAR 
TRANSISTOR 





better, imagine a large area power device 
(fet or bipolar) as a number of tiny 
devices in parallel. Bipolar transistors 
tend to share current unevenly, and 
destroy the highest gain device, while 
fets share current more evenly. The same 
effect occurs over the area of a large 
device, just sufficiently to generate hot 
spots in the collector bias junction which 
break down destructively at a lower 
voltage than the normal maximum 
voltage rating. When you think about it, 
it is Surprising that second breakdown is 
not a worse problem than it actually is. 
That concludes this episode in the 
semiconductor saga. Next month I 
intend to cover mosfet circuit 
applications, and may be able to include 
an audio power amplifier “mini 
project.” There will also be a number of 
useful circuit building blocks. LP 
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74LS00 0.14 
74LS01 0.14 
74LS02 0.15 
74LS03 0.15 
74LS04 0.15 
74LS05 0.15 
74LS08 0.15 
74LS09 0.24 
74LS10 0.15 
74LS11 0.15 
74LS12 0.15 
74LS13 0.28 


74LS14 0.19 
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74LS15 
74LS20 
74L$21 
74LS22 
74LS24 
74LS26 
74LS27 
74LS28 
74LS30 
74LS32 
74LS33 
74LS37 
74LS38 
74LS40 
74LS42 
74LS47 
74LS48 
74LS49 
74L$51 
74LS54 
74LS55 
741S73 
74LS74 
74LS75 
74LS76 
74LS77 
74LS78 
74LS83 
74LS85 
74LS86 
74LS90 
74LS91 
74LS92 
74LS93 
74LS95 
74LS96 
74LS107 
74LS109 
74LS112 
74L$113 
74LS114 
74LS122 
74LS123 
74LS125 
74LS126 
74LS132 
74LS133 
74LS136 
74LS137 
74LS138 
74LS139 
74LS145 
74LS147 
74LS148 
74L$151 
74LS153 
74LS154 
74LS155 
74LS156 
74LS157 
74LS158 
74LS160 
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0.18 74L$161 0.48 74LS373 0.55 74HC74 
0.18 74LS$162 0.46 74LS374 0.55 74HC75 
0.18 74LS$163 0.46 74LS375 0.55 74HC76 
0.18 74L$164 0.43 74LS377 0.90 74HC77 
0.66 74LS165 0.62 74L$378 0.72 74HC85 
0.18 74LS$166 0.67 74LS385 2.46 74HC86 
0.18 74L$168 0.72 74LS386 0.48 74HC107 
0.18 74LS169 0.65 74L$390 0.50 74HC109 
0.18 74L$170 0.79 74L$393 0.45 74HC112 
0.18 74173 0.72 74L$395 0.78 74HC113 
0.18 74LS174 0.39 74LS396 2.90 74HC123 
0.16 74LS175 0.42 74L$398 1.60 74HC125 
0.18 74L$181 1.50 74L$399 0.80 74HC126 
0.20 74LS183 ‘1.53 74L$490 0,99 74HC132 
0.32 74L$189 1.70 74LS540 0.99 74HC133 
0.56 74LS$190 0.55 74LS541 0.99 74HC137 
0.56 74LS$191 0.52 74LS624 3,39 74HC138 
0.64 74L$192 0.50 74625 2.88 74HC139 
0.16 74L$193 0.51 74.626 2.47 74HC147 
0.16 74L$194 0.53 74L$627 4.45 74HC151 
0.17 74.195 0.52 74LS628 2.47 74HC153 
0.28 74LS196 0.60 749629 1.65 74HC154 
0.22 74LS197 0.52 74L$640 1.20 74HC157 
0.28 741221 0.56 74L$641 1.10 74HC158 
0.28 74L$240 0.55 74L$642 1,40 74HC160 
0.99 74L$241 0.48 74.644 1.40 74HC161 
0.30 74LS242 0.55 74LS645 1.40 74HC162 
0.45 74L$243 0.60 74LS668 0.99 74HC163 
0.42 74L$244 0.48 74LS670 0.72 74HC164 
0.30 74.245 0.52 74LS673 3.40 74HC165 
0.32 74L$247 0.50 74LS674 3.40 74HC166 
0.60 74L$248 0.52 74LS682 2.45 74HC173 
0.36 74L$249 0.82 74LS683 2.70 74HC174 
0.32 74L$251 0.34 74.8684 2.70 74HC175 
0.47 74LS253 0.34 74LS685 2.70 74HC190 
0.60 74.256 0.62 74LS686 3.30 74HC192 
0.32 74\S257 0.42 74LS687 2.70 74HC193 
0.32 74LS258 0.42 74.783 14.60 74HC194 
0.32 74L$259 0.58 74LS785 ; 74HC195 
0.32 74L$260 0.48 74HC237 
0.32 74LS266 0.28 74HC240 
0.40 74.273 0.54 74HC241 
0.42 74\S279 0.40 ' 74HC242 
0.35 74L$280 1.20 74HCOO «0.14 74HC243 
0.35 74.283 0.58" 74HCO2 . 0.14 74HC244 
0.35 74L$290 0.41 74HCO3 —s«.14 74HC245. 
0.35 74L$293 0.41 74HCO4 —s«OO.15 74HC251 
0.35 74L$295 0.99 74HCU04 0.24 74HC253 
0.76 74\$298 0.72 74HCO5 ~—s-:O.36 74HC257 
0.36 74L$299 1.45 74HCO8 ~—s«(.24 74HC258 
0.36 74L$321 5.64 74HC10 (0.24 74HC259 
0.76 74L$322 1.80 74HC11 (0.14 74HC273 
1.12 74LS323 1.80 74HC14 —s«O.38 74HC280 
0.85 74L$324 3.25 74HC20 0.24 74HC299 
0.32 74\S347 2.47 74HC21 «(0.24 74HC354 
0.40 74348 1.54 74HC27 —s«O.24 74HC356 
0.94 74L$352 0.90 74HC30 0.24 74HC365 
0.40 74LS353 0.90 74HC32 (O24 74HC366 
0.44 74LS365 0.28 74HC42 (O24 74HC367 
0.32 74LS$366 0.37 74HC51 0.24 74HC368 
0.34 74.367 0.37 74HC58 sé. 74HC373 


, 74LS368 74HC73 74HC374 
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74HC375 0.82 74HCT138 J 82C88AS 14.36 
74HC390 0.60 74HCT139 —-0.57 AY-5-8136 5.95 
74HC393_ ~—s«O.60 74HCT153 (0.76 HCPL-2630 5.86 
74HC423 0.92 74HCT154 =: 1.70 HCPL-4100 5.82 
74HC533 0.81 74HCT157_—s 0.59 HCPL-4200 5.82 
74HC540 —s(«.84 74HCT160 0.79 ICL7673CPA 249 
74HC541 0.84 74HCT161 0.86 MC145406P 2.65 
74HC573.—s(O.84 74HCT175 0.72 UA9639CP 2.35 
74HC574 0.84 74HCT238 0.85 UPD7201AC 5.82 
74HC589 —s:‘1.12 74HCT238 0.85 
74HC595 ~—s«O.99 74HCT240 0.95 
74HC597—s«O.99 74HCT241 0.95 DYNAMIC RAM 5V 
74HC640 ‘1.05 74HCT244 0.95 4164B-15 P.O.A 
74HC643 ‘1.05 74HCT245 1.32 4416-15 3.30 
74HC645 3.56 74HCT273 1.28 41464-12 3.30 
74HC646~—s 2.08 74HCT373 0.99 41256C-15 3.30 
74HC648 i“ 74HCT374 0.99 
74HC658 42 74HCT390 0.95 
74HC688  —«:1.85 74HCT393_ (0.95 STATIC RAM SV 
74HC4002 0.31 74HCT540 «1.62 2114LP-30 1.50 
74HC4017 (0.59 74HCT541 ‘1.77 2114LP-20 1.80 
74HC4020 0.59 74HCT573 «= «1.24 6116LP-2 1.70 
74HC4024 0.39 74HCT574 = (2.11 6116LP-3 1.70 
74HC4040 0.89 74HCT640 1.54 6264LP-15 2.40 
74HC4049 0.62 74HCT643 (1.54 CXK58256P-12L 13.20 
74HC4050 0.62 74HCT646 2. 
74HC4051 1.12 EPROMS 
ae bes MISC. & EEPROMS 
ape _— 038 COMPUTERIC’S Device PGMV 
74HC4075 0.32 ae 
74HC4078 0.38 lay 3.78 
74HC4511 0.99 sICee- 16 
74HC4514 1.70 1a 6.60 
74HC4538 1.06 ataaee 
74HC4543 1. ; 12.5V 5.20 
' 27C256-25 
21V 5.20 
74HCT , 27C256-30 
SERIES ; 21V 5.20 
: 270512-15 
7J4HCTOO 0.32 v 1 2.5V 13.65 
74HCT02 0.32 7130L-100P 19.50 X2B64AP-35 16.95 
74HCT03 0.49 74ACT874P 4.20 
74HCT04 0.32 75176AP 2.26 CRYSTALS 
74HCT08 0.32 80C85A-2RS 13.70 32.768KHz 
74HCT10 —- 0.32 80C86AL-2 24.90 2x6mm 0.95 
74HCT11 — 0.32 82C54P 8BMHZ 5.90 3MHZ to 
74HCT14 0.54 82C59A-2RS " 18MHZ 1.50 
74HCT20 0.34 
74HCT21 0.32 
74HCT27 — 0.40 
74HCT30— (0.41 PLEASE PHONE FOR ITEMS NOT LISTED 
74HCT32 (0.32 PLEASE ADD 70p P&P and 15% VAT. Govt., 
74HCT42 — (0.68 Colleges etc, orders welcome. Quotations 
74HCT73 (0.49 given for large quantities. We supply only 
74HCT74—s (0.45 brand new components. 
74HCT75 =—s (O54 Stock items by return of post. 
74HCTSS —0.76 Ordersto: VIEWCOM ELECTRONICS 
74HCT86 0.54 
J4HCT123 (0.78 77 Upperton Road West 


74HCT132 Plaistow, London E13 SLT 
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l-PAK BARGAINS | 


THE UNDISPUTED PACK KING FOR OVER 20 YEARS, we offer you the very best in Electronic Components and Semiconductors that your money can buy. Look at our lists and prices, 
they are unbeatable in value and quantity and you always have our “Satisfaction or money back guarantee”. For 1988 we offer more and more Super Value Packs. All goods advertise 
in stock at time of going to press. Please not our new mail order address: BI-PAK, P 0 BOX 33, ROYSTON, HERTS, $G8 5DF. Telephone orders: 0763-48851. 




























































































































































































































































































































































































































RESISTORS Pak TRANSISTORS Pak MISC. 
No Qty Description Price | No Qty Description Price No Qty Description Price 
VP1 300 Assorted Resistors, mixed values and types .......... £1.00 | VP172 10 SM1502 PNP TO-39 Sil. VP177 1 Pack assorted Hardware, nuts, bolts, etc.............. £1.00 
VP2 300 Carbon Resistors, 14-’2 watt, preformed, mixed........ £1.00 Transistors, 100v 100mA Hfe100+ ............. eee ee £1.00 | VP178 5 Assorted Battery Holders and Clips, PP3/9, AA/D, etc... £1.00 
VP4 200 ‘%-1 watt Resistors, mixed values and types........... £1.00 | VP200 30 OC71 type germanium AF Transistors, uncoded ....... £1.00 VP223A 6 Tag Boards, 18 way paxaline ..............seeeeneee £1.00 
VP16 50 Wirewound Resistors, mixed watt values ............. £1.00 | VP201 25 OC45 germanium RF Transistors ...........+-00 0000s £1.00 VP225 20 DIN Plugs, plastic 2-8 pin, 180°/240°/360° mixed....,... £2.50 
VP140 50 Precision Resistors, 1% tolerance............00e0 cues £1.00 | VP261 4 Programmable Unijunction Transistors, MEU22 ....... £1.00 VP226 20 DIN Chassis Skts, metal 2-8 pin 280°/240°/360° mixed... £2.50 
VP181 100 1 and 2 watt Resistors, assorted values .............. £1.00 | VP270 10 FET's UHF/VHF Amplifiers, switching & choppers, data. £1.00 VP227 18 DIN In-line Skts, plastic 2-8 pin 180°/240°/360° mixed ... £2.50 
VP287 100 Close tolerance Resistors, .05-2%, 10-910 ohms, mixed . £1.50 | VP271 10 FET’s general purpose like 2N3819-2N5457, data ...... £1.00 VP228 10 C15 Computer Cassette Tapes. Leadless.............. £3.00 
VP288 100 Close tolerance Resistors, .05-2%, 1K-820K, mixed ..... £1.50 | VP272 10 MOS-FET's Signetics, SD304 ............ cee eee eee £1.00 VP232 1 Cassette Head Cleaner/Demagnetizer, in case ......... £2.00 
Metal oxide high stab. Resistor, Yaw 2%, mixed values . £1.50 | VP280 12 ZTX300 NPN Silicon Transistors .................55. £1.00 VP233 1 Revolving Cassette Rack, holds 32, smokey perspex.... £2.50 
VP290 15 MPSAO6 Sil. Transistors. NPN 80v 500mA HFES0+ TO92. £1.00 VP244 1 High Power Piezo Electric Siren. Emits earpiecing warbling 
CAPACITORS VP428 10 AC128K PNP Germanium Transistor, 1A 32v .......... £1.00 sound. Ideal alarm. White plastic body with mounting 
; VP429 10 AC176K NPN Germanium Transistor, 1A 32v.......... £1.00 bracket. Power 12vDC 150mA. Output 100db (A) at 1m typ. 
VP5_-—- 200 Assorted Capacitors, all types. «.....04.1..s.0+++++ + £1.00 | vp430 4 _2N3055 Sil. Power Transistors, full spec ...........4+. £2.00 freq. 2.5KHZ. Size: 57 x 42x 37MM. ........ceceeeee: £6.00 
VP6 200 Ceramic Capacitors, min. mixed values .............. £1.00 | vp431 25 PNP Sil. Transistors, TO-39 like 2N2905A ............. £1.00 | vP260 1 9*x6"Elliptical 8 ohms 10W RMS Speaker. Freq. Res 
VP9 100 Assorted Polyester/Polystyrene Capacitors ............ £1.00 60-10000 Hz. Gauss 10000. Centre HF cone £4.50 
bey ~ So remy metal foil, mixed values ............ ee LC.S. VP260A 1-244" Transducer Waterproof Speaker. Polyester film 
ectrolytics, all sorts ...... bebe ee ee eee e eee e eens : VP40 40 TTLI.C.S. all new gates - Flip Flop - MSI, data........ £4.00 diaphragm. Moisture res. 8 ohms 300mW Freq. Res. 
VP12 40 Electrolytics, 47mf-150mf, mixed WONS ss bce Ve £1.00 | yp54 20 Assorted |.C. DIL Sockets, 8-40 pin ..........0.e000s £2.50 WM re ee ice caine, £1.00 
VP13 30. Electrolytics, 150mf-1000mf, mixed volts ............. £1.00 | vp59 20 Assorted |.C.s linear, etc, all coded .............0000 £2.00 | VP273 10 10K Lin Rotary Potentiometers, slim spindle .......... £1.00 
VP14. 50 Silver. Mica Caps, mixed values «4.00. ...4.4+4+ ++ CUE VPI Te REED So naiis 1 eraeeh saan sap beng nolh bys dddaigees £2.00 | VP281 4 Plug-in Relays. Mixed volts, etc. ..............000000. £1.00 
VP15 25 .01/250v Min. Layer Metal Caps ................00055 SOME SPOS IE PARE. sleds ogadhs sae’ed edoace cnghcgladaa sates £2.00 
VP180 25 Tantalum Bead Caps, assorted values................ CURD Samat OM ny Sede vasa len chess cde tthe £2.00 
VP182. 4: 1000uf 50v Electrolytics 0... 0... ce eeeecee eee eens Ce ee A Re ee ee as £2.00 TOOLS 
VP192 30 Min. Electrolytics, mixed values, .47mf-1000mf 6/16v... £1.00 | ypa14 90MM 3 cucic tev cbs witvacueie Mie £2.00 | VP95 1 Plastic Vice, small, with suction base ................ £1.75 
VP193 6 Sub Min. Electrolytics, 2 x 1000/2200/3300mf, 10/16v .... £1.00 | yp215 SE FROME WL cso, ind ove bb ees £2.00 | VP97 1 Logic Probe/Tester, supply 4.5v- 18v, DTL, TTL,CMOS. £8.50 
VP216 4G. GON Mianate RPMS. cose sacn go ech eee celaan HE £2.00 | VP99 1 Universal Tester, with ceramic buzzer..............5: £5.00 
VP223 50 Asst74TTLI.C.s “ALL GATES” VP103 1 6 Pc STANLEY Screwdriver Set. Flat and crosspoint.... £3.50 
4 OPTOS ’ new & coded our mix 7400-7453 ........ £6.00 | VP139 1 Pick-up Tool, spring load............ ccc eee eee eee es £1.75 
VP24 10 125 clear lens showing Red LED Bnd Madey ede rena we £1.00 VP224 100 Asst TATTLI.C.s "ALL GATES” etn isaac: i VP217 1 Helping Hand hy AE Se Re ae NS Ge Se £4.00 
VP25 10 Mixed shape and colour RR Be Gs crane paced ed £1.00 new coded our mix 7400-7483 /. occ. £10.00 | VP218 1 Watchmakers Screwdriver Set, 6 Pieces .............. £1.75 
VP26 15 Small .125" Red LED Sree eter cence nee eee e ne eee es £1.00 | ypogs 1 Prog. Sound Gen. Chip. AY-3-8912 oe nat | Ti £3.00 | VP219 1 WATIBURO SHI CUNRIS i eS ew rae ieeas ba cadens £1.55 
VP27 15 Large .2" Red LED'S ..... 1... .eeeeee ee ee eens renee £1.00 | \ypo9q 1 ZB0ACPU Microprocessor. 40 pin DIL ................ £2.00 | VP220 1 Miniature Bent-nose Pliers .............0.0c0c0eu ees £1.55 
VP28 —-10_- Rectangular .2° Red LED's ..........-.....-----e0004 £1.00 | p92 «1: ZBOAP10 Parallel Interface Controller, 40 pin DIL....... £2.00 | VP221 1 Miniature Long-nose Pliers ............... 0.000000. £1.55 
VP57 25 Opto Special Pack. Assorted, super value....... are £3.00 vP293 1 Z80ACTC Counter Timer Circuit, 28 Di ieee £2.00 VP237 1 Universal Ni-Cad Battery Charger. AA-HP11-HP2-PP3.... £6.00 
VP130 6 RED 7 Seg. CC 14mm x 7.5mm RDP FND353 LED Display. £2.00 | ypoga 1 27320 32K Eprom ....... 2... .s00 en Saale TE NOR 4 AANi-Cad Batteries. 1.2v 500mAh C/RMA ........... £4.00 
VP131  4_ GREEN 7 Seg. CA.6" LDP XAN6520 LED Display ....... £2.00 | ypo95 -1._-(6821P Peeripheral Interface Adaptor (PIA) ........... £150 | VP239 2 C?HP11 Ni-Cad Batteries. Rechargeable .............. £3.50 
VP133 6 RED Overflow .6" 3 x CA 3 x CC 6630/50 LED Display ... £2.00 VP296 6 LM324 14 pin DIL Quad Op-Amp ...... * } ie’ a £2.00 VP240 2 D-HP2 Ni-Cad Batteries. Rechargeable ............... £4.00 
VP134 5 GREEN Overflow .6" CA XAN6530 LED Display ........ £2.00 VP297 5 (CA3130E MOS-FET I/P, CMOS O/P Op-Amp ee ene £2.00 VP246 1 25w Quality Low Cost Soldering Iron. 240vAC .......... £3.50 
VP138 20 Assorted LED Displays. Our mix, with data ........... £5.00 VP298 3 MC1310P § icetar Sh eae £2.00 VP247 1 15w “Lightweight” Quality Low Cost Soldering Iron. 
VP147 1 Pair Opto Coupled Modules .............0.c0c0eeees £0.60 tereo Decoder, 1 pin UIL ..... Hihions sath 240vAC £3.50 
VP199 4 LD707R LED Displays PU ete ate Sar tN eet £1.00 VP299 3 CA3085 Pos. Volt. Regulator, 1.Iv- 46v, 8 pin TO5 j bhieck £2.00 i Rea eral er Stee Ee te ee a Rit a te iF ae 
) plays, LA . vP400 1 27128 128K Eprom .. os... ec ceceeeeeees £2.50 | VP248 1 High Suction Desoldering Pump. Teflon nozzle. Auto eject 
VP203 15 Triangular shape LED S Mixed COURS tise ici he £1.00 VP401 2 LM317T Adjst. Voltag “ Regulator WER thes £1.00 Heavy duty return Spring .........0s eee cence eens £4.00 
VP204 10 Large Green LED's, 5mm he Ata oat oala arte e PELE yO pile £1.00 VP402 1 114 4K Static Ram eee . 9 “3 on i py ba ee £2.00 VP250 1 Long Finger Grip. soldering aid. Heavy metal base. 
VP205 10 Small Green LED's 3mm ele Peace aire eReresee Che aratelee © £1.00 VP403 1 TA7204 Audio Amp IC. 4.2w 13V 2-4 ohms Mr mata fe £1.00 Serrated jaws with rev. tweezer action. Ideal for holding 
VP206 10 Large Yellow LED's, WA Sans Go pacd ck orion bee hes £1.00 VP404 1 TBA461 Audio Power Amp 4.5w ek tb £1.50 small components. Fully adjustable................5. £3.00 
VP207 10 Small Yellow LED S, 3mm Vie b ka hee Cee eee wale 6 OND £1 .00 vP432 8 CD401 6B Bias piletihmemr ra Thi ee Maret £2.00 VP254 1 250 grams Etchant Granules (Ferric Chloride) 
VP208 10 Large LED's clear showing Red, 2”. .............055. £1.00 P43 Har io i RS RR A ROE LE aS £2.00 TD RETR ie cme eee £1.00 
vP241 2 ORP12 Light Dependent Resistor .................5+: ODE eg a8 COMM Ss aes £200 | VP255 1 Etching Pen. Etch resistant. Spare tip. Blue ........... £1.00 
VP242, 3. Tri-colour LED's, Smm dia., SmA 2v, R.G.Y. ..........- RT eae 10 ORAM oo ee £7.00 | VP258 1 Multicore Solder. 5m total. 10 and 22 SWG ....... rss ERG 
VP243 3 Tri-colour LED'S, Rectangular Smm,.R.G.Y............ £1.00 | Verasg 4 7413 Dual Nand Schmit Trigger, 4-input .............. £1.00 | VP259 1 PCBHolder. Fully adjustable from 0-320mm wide and to 
VP266 10 Orange LED s, 5mm large ..... Peds Sado Sane Pane £1.00 P7440 4 7440 Dual 4-input Positive: Nand Billee hoe £1.00 any angle. Complete with iron stand and sponge. 
VP267 8 Stackable LED's. Rectangular, mixed, R.G.Y. .......... £1.00 P7470 a Wded aaitcinedesMaied ‘ Strong metal construction with rubber feet. 
VP268 15 LED Panel Mounting Clips, metal and plastic. 35mm... £1.00 Flio Flo bers pie ge-trigg £1.00 ery Ga MMO. cov We tasanrses co vs £15.00 
VP269 2 Red Flashing LED's, 5mm ............00eeeeree eens £1.00 | \vprago 4 7480 pee full Mise te etre £1.00 | VP286 2 Etch Resist PCB Transfer Sheets. Asst. symbols/lines... £1.00 
VP284 2. Opto-Isolator IL74~4N27, single ...........+-ssss0s+ EDD easy: a 7al4 abe Random Aécess amoried os. aia F100 | VP405 2. Stell Rules 1 x 4", 1 x 10", measuring ins and mm ..... £1.00 
Peaks nscale Aa ee £1.00 | yp7490 47490 Decade Counter ............---....-....ccc., £1.00 | VP406 1 Junior Hacksaw & 3 blades + hobby knife & 2 blades .. £1.00 
DIODES & SCRS VP7491 4: 7491 B-Bit Shift Register ..............0cccceeeu eee £1.00 | VP407 1:10 Piece Needle File Set ..........-..2.00seseeseen £3.00 
si _ | vp7492 4-:7492 Divide by 12 Counter ............0ecsecaeeeees £1.00 | VP408 1 4 Piece Stainless Stee! Tweezer Set................-. £4.00 
No Qty Description Price | \yp7493 4 7493 4-bit Binary Counter F100 | vP409 1 Setof4min. lowcost Side & End Cutters, snipe & 
VP29 30 Assorted volt Zeners. 50mw - 2W ..... cece cere ees £1.00 | \yp74qq 4: Mk g ae SHUR Maciel .. occa bees a £1.00 combination Pliers. 5” insul. handles ................. £4.50 
VP30 10 Assorted volt Zeners. 10w, coded ............0ee cues £1.00 | \yp74g95 4 7495 4-bit Shift Register i RE ak fs aR ot ar oc) £1.00 
Meh “A su Lag 50 yo mt SO aaah 5 ay VP74111 4 74111 Dual J-K Master Slave, Flip-Flop ............... £1.00 
a a one es trop | VP74141 4 74141 BCD - Decimal Decoder/Driver .............0+. £1.00 3 TOOLS 
VP34 200 Sil Diodes like OA2O0/BAX13-18, 40v 200mA ry VP74151 4 741511 of 8 Data Selectors/Multiplexers ............. £1.00 | No Qty Description Shs Price 
i. Uioges tke “16, 40v 200MA ......... 1.00 | \p74153 4 74153 Dual 4 line to 1 line Data Selectors/Multiplexers . £1.00 | VP410 1 18 Pc Hex Wrench Keys. AF sizes in wallet............ £1.50 
VP35 50: 1A IN4000 ga ee good, uncoded, S0v min ........ £1.00 | vp74164 4 74164 8-bit Parallel Output Serial Shift Registers ....... £1.00 | VP411 1 16 Pc Hex Key Wrench Set. SAE and Metric........... £2.00 
vty 30 pewter bags ee lers Pe i cn ates Abe VP74167_ 4 74167 Synchronous Decade Rate Multipliers .......... £1.00 | VP412 1 Crimping Pliers, Wire Strippers & Bolt Cutters ......... £1.00 
141 40 1N4002 Sil. Rectifiers 1A 100v, preformed pitch ........ 1.00 | yp74174. 4-:74174 Hex D type Flip-Flops ............0ec0ees scene £1.00 | VP413 2 IC Extraction Tools, jaw width 18 and 29mm .......... £2.00 
vP142 4. 40A Power Rectifiers, silicon, T048 300 PIV ........... £1.00 | vp74igi 4 74181 Arithmetic Logic Units/Function Generators ...... £1.00 | VP414 1. End Action Stripping Pliers. Adjustable jaws .......... £1.00 
VP143 5 BY187 12KV Sil. Diodes, in carriers, 25MA ........... £1.00 | yp74193 4 74193Synchronous Up/Dow Dual Clock Counters. VP415 AF Gila (atin PUR oi ix oii be oes ck eae at £3.00 
VP 184 3 4A 400v Triacs, plastic .......... epee eens ne en ne ees £1.00 Biideyiberss s/. sadsti as kbps Sy as Faery £1.00 | VP416 1 6” Long Nose Grip Locking Pliers ..............000005 £3.00 
VP187 10 SCR's 800MA, 200v, 2N5064, plastic, TO92............ £1.00 | yp74779 4: 74279 Quad S-R Latches ..........cccsceeeeeeeeuees £1.00 | VP417 1 6" Adjustable Wrench. Forged alloy steel ............. £2.50 
VP194 50 OA91 point contact germanium Diodes, undcoded ..... £1.00 | ppg 1 TTL Data Book 74 Series, including “LS”. VP418 1 8" Tin Snips. Hardened steel, spring joint ............. £2.00 
VP195 50 OA47 gold bonded germanium Diodes, uncoded ...... £1.00 Complete with Pin out diagrams. 7400-74670. vP419 2 “Chubby” Screwdrivers. Crosspoint No 1 and2....... £1.50 
VP196 50 OA70-79 detector germanium Diodes .............45. £1.00 TT1 interchangeability guide. Function selection VP420 2 “Chubby” Screwdrivers. Flat blad 4.5 and 6mm ....... £1.50 
VP197_ 50 OA90 type germanium Diodes, uncoded ............. £1.00 guide and explanation of function tables. “VOVAT”... £1.00 | VP421 1 Screwdriver 400mm long, 6mm flat blade ............ £3.00 
VP198 40 BA248 Sil. Diodes, 350v 2A, fast recovery ............ £1.00 | gpys 1 1555 PROJECTS BOOK (TIMER). 167 pages. Over 50 vP422 1 Screwdriver 400mm long, No 2 crosspoint............ £3.00 
VP222 20 3A Stud Rectifiers, 50-400v, assorted .............+.. £1.00 project circuits to build and other information on IC555 VP423 1 Vernier Caliper-Crosshorns. Depth gauge. 
VP274 12. SCR's (Thyristors) 1A 100-400v, TO-39 ........... +++ £1.00 Timers. Plus FREE with our compliments, 3x C 555 Timer, Vernier Cap. 414"/110mm reading 1/128", 1/10mm ...... £2.50 
VP275 3 5A 400v SCR’s, T0220, TICI06D .......... 0... eseea es £1.00 worth 80p. Special offer price just £2.95 “NO VAT” VP424 1 Helping Hand with Magnifier ..................0005. £4.50 
VP276 5 SCR’s standard type, 5-16Amp to 400v .............-. £1.00 | ppy, 1 INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE, VP425 1 7 Pc high quality Screwdriver Set................000. £8.50 
VP277 4 Triacs 2Amp 400v TO-39 «2... sss sees reece erro £1.00 Babani Publishing's latest edition BP85, plus FREE with our vP426 —-'1_: 7 Pc high quality Screwdriver Set 1000v.............. £12.50 
VP278 4 6Amp 1000v plastic Silicon Rectifiers ...........0.4+. £1.00 compliments, 10 popular Silicon Transistors, worth £1.00 VP427 1 6 Pc Cushion Grip Screwdriver Set ..............055: £4.00 
VP283 5» Digt GRID, (ac WGRO ss asada sales Caw (CRN whee £1.00 Special offer price just £3.50 “NO VAT" 
LEADS 
TRANSISTORS MISC. ; 
VP38 100 Sil. Transistors, NPN plastic, coded, with data......... £3.00 | VP17 50 Metres PVC single strand Wire, mixed colours ........ £1.00 Hn Speaker Lead 2 pi Lat Fog 2 pit Os ae Ns 
: : : : : VP301 1 2m Video Lead Coaxial Skt to Coaxial Skt + 2 adaptors. £1.20 
VP39 100 Sil. Transistors, PNP plastic, coded, with data......... £3.00 | VP18 30 Metres PVC multi strand Wire, mixed colours ......... £1.00 VP302 1 3m4corecable indv. screened 5 pin DIN 
VP47 10 Sil. Power Transistors, simiiar 2N3055, uncoded ....... £1.00 | VP19 40 Metres PVC single/multi stand Wire, mixed colours .... £1.00 Plug 5 pin DIN Plug £1.80 
VP48 5 Pairs NPN/PNP plastic Power Transistors, 4A, data..... £1.00 | VP22 200 Sq. Inches total Copper Clad Board................45 £1.00 VP303 1 TV Ext. Lead. Coax plug to Coax Plug. White... ; £1.00 
VP50 60 NPN Sil. Switching Transistors, TO-18 and TO-92 ...... £1.00 | VP23 10 40mm Track Slider Pots. 100K Lin. .......... cee eee £1.00 VP304 1 1.5m 4coreindv. screen 5pin DIN Plug- SF sn ; 
VP51 60 PNP Sil. Switching Transistors, TO-18 and To-92 ...... £1.00 | VP42 10 Black Heatsinks, fit TO3 and T0220, drilled ........... £1.00 tinned open end : £1.00 
VP60 100 All sorts Transistors, NPN/PNP ..............000eeuees £1.00 | VP43 4 Power-fin Heatsinks, 2 x TO3, 2x TO66 .............. £1.00 | yp305 1 1.5mcable5 pin DIN Plu-3.5mm Jack Plug Coe a ae hin 
VP150 20 BC183B Sil. Transistors, NPN 30v 200mA Hfe240+ TO92. £1.00 | VP44 15 Assorted Heatsinks, T01/3/5/18/220 ......... 00 ecu ees £1.00 Pin 1 & 4. connect , £1.00 
VPi51 25 BC171B Sil. Transistors, NPN 45v 100mA Hfe240+ T092. £1.00 | VP56 100 Semiconductors from around the world, mixed ....... £4.00 | yp3og 1. -2mTypewriter/Calculator Lead. 3pinPlug, angled 
VP152  —- 15._-TIS90 Sil. Transistors, NPN 40v 400mA Hfe100+ TO92 . £1.00 | VP82 1 Electronic Buzzer, 3v, 25MA ...........0:eee eens £0.95 European IEC configuration. 6A 250vAC £2.00 
VP153 —-15._ TIS91 Sil. Transistors, PNP 40v 400mA Hfe100+ TO92.. £1.00 | VP83 1 Electronic Buzzer, 6v, 25MA ............ssseee seers £0.95 | yp3o7 1 60cm Patch Lead. PL259 Plug to PL259 ae £1.00 
VP154 15 MPSA56 Sil. Transistors, PNP 80v 800mA Hfe50+ T092. £1.00 VP84 1 Electronic Buzzer, 9v, SOM ches oie Sarasa or SWE alas £0.95 VP308 1 1.2m Patch Lead. PL259 Plug to PL259 Plug y ; : : £1.50 
VP155 20 _BFS95 Sil. Transistors, NPN eqvt BF184H.F. TO92 ..... £1.00 | VP85 1 Electronic Buzzer, 12v, 25MA ..........es sees eens £0.95 | yp3o9 1 1.2m Lead 4 Phono Plugs to 4 Phono Plugs ........... £1.50 
VP156 20 BF495 Sil. Transistors, NPN eqvt BF173 H.F. TO92 ..... £1.00 VP86 1 TECASBOTY Components Pack, semiconductors, VP310 1 20em Lead:2 x 2 pin DIN Plug to Stereo Inline Jack Skt £1.00 
VP157 15 ZTX500 series Sil. Transistors, PNP plastic............ £1.00 BANE WAGE: BIG) ceca k is ah trees vee ay Kom gaol £8.00 VP311 1 2m Lead Scart Plug to 5 pin Ain Plug & 2 BNC Plugs "£6.00 
VP158 15 ZTX107 Sil. Transistors, NPN eqvt BC107 plastic....... £1.00 VP87 1 Telephone Pick-up Coil with 3.5mm jack plug ......... £1.25 VP312 1 1.2m Video Lead. BNC Plug to Phono Plug "6469 
VP159 15 ZTX108 Sil. Transistors, NPN eqvt BC108 plastic....... £1.00. | VP88 1 Pillow Speaker with 3.5mm jack plug .............655 £1.45 | yp373 1 3m Headphone Lead. 3.5mm Jack Plug to3 SmmJackSkt. £1.00 
VP 161 25 BC183L Sil. Transistors, NPN 30v 200mA TO92........ £1.00 | VP107 1 Piezo Buzzer, miniature, 12V ...... 0.00.0. eee e eee e ees £1.25 | yp314 1 2m Coax Lead BNC Plug to BNC Plug 75 ohms "£300 
VP162 5 $JE5451 Sil. Power Transistors, NPN 80v 4A Hfe20+ .. £1.00 | VP108 1 Piezo Buzzer, miniature, 240V ......... 06 ssseee eens £1.25 | \yp315 1 2m Coax Lead BNC Plug to UHF Plug. ohms ....... £3.00 
Mab 2 Pn pairs soe Power bpp like sprint vee £1.00) F VP113 1 res Antenna cl DWE 52, Sl Pe eh aah oe Soap tii ae 
164 4 289 Sil. Power Transistors, NPN 40v 40w 7AHfe30+ . — £1.00 VP114 1 Coax Antenna Switch, 3 way ..........ces eee eee ; 
VP165 6 BFT33 NPN Sil. Transistors, 80v 5A Hfe50-200 T039.... £1.00 | VP115 1 High Pass Filter/Suppressor, CBITV ..............005. £0.50 TELEPHONE ACCESSORIES 
VP166 5 BFT34 NPN Sil. Transistors, 100v 5A Hfe50-200 TO39... £1.00 | VP116 1 Low Pass Filter, VHS/TV band -.............cee eee ees £3.00 | \VP316 1 5m Telephone Ext. Lead. Plug to Socket.............. £4.50 
VP167 1 BUY69C NPN Transistors, VP122 1 Precision Morse Key, fully adjustable ................ £1.85 | VP317 1 10m Telephone Ext. Lead. Plug to Socket............. £6.00 
TO3 VCB 500, 10A, 100w, Hfe15+ ........... eee eee £1.00 | VP144 4 100K Lin multi turn Pots, ideal vari. cap. tuning ....... £1.00 | VP318 1 3m Line Jack Cord. BT 4 way Plug to 4 Spade Terminals. —-£1.75 
VP 168 10 BC478 eqvt BCY71 PNP Sil. Transistors. TO18......... £1.00 | VP145 10 Assorted Pots, ic dual and switched types ............ £1.00 } VP319 1 Double Adaptor. One IDC plug. 2 socket..:........... £3.50 
VP169 10 BXS21 eqvt BC394 NPN Sil. Transistors, 80v50mATO18. £1.00 VP148 30 Presets, horizontal and vertical, mixed values ......... £1.00 VP320 1 IDC Telephone Fug * ne eg De SCARE iy 2 en oe COE ‘atieei £0.50 
VP170 10 Assorted Power Transistors, NPN/PNP coded and data. £1.00 | VP174 5 DIL Switches, 1 and 2 way slide, 6 way SPST, assorted. £1.00 | VP321 1 Telephone Master Socket Surface Box. Screw terminals. £3.50 
BF355 NPN TO-39 Sil. Transistor, eqvt BF258225v100mA. — £1.00 VP176 30 Fuses, 20mm and 114" glass, assorted values ......... £1.00 | VP322 1 Telephone Slave Socket Surface Box. Screw terminals . £2.25 























VPS30 REGULATED VARIABLE STABILISED POWER SUPPLY MODULE. 

This versatile regulated variable stabilised power supply with short circuit 
protection and current limiting is a must for all electronics enthusiasts. It 
incorporates adjustable voltage from 2v - 30v with a current limiting range of 
0-2A. AC input max..25v. Dimensions 110 x 75 x 25mm. 


~ Price each’ £8.50 - 


VOLTAGE REGULATORS 

Pos. 1Amp 7805-12-15-18-24  35peach 
Neg. 1Amp 7905-12-15-18-24  40peach 
Pos. 100mA 78L05-12-15-18-24 28peach 
Neg. 100mA 79L05-12-15-18-24 30peach 


MINIATURE CARBON FILM RESISTORS 1% & ‘2 WATT 5% 

Resistance values from 1 ohm - 10 meg ohms. 

Available in lots of 100 pieces per value. 

To order state R100 % watt or R200 ' watt, plus resistance required, eg, R100 1K 

= Vawatt 1K. BI-PAK price per 100 pieces R100 £1.00 per pk. 
R200 £1.30 per pk. 














Send your orders to: BI-PAK DEPT PE, P O BOX 33 
ROYSTON HERTS Use your credit card Ring us on 0763 48851 NOW 
SS CASH WITH ORDER, PERSONAL CHEQUE, ACCESS AND and get your order even faster Goods normally 
BARCLAYCARD, GIRO 388 7006. SAME DAY DESPATCH | es ae eae 


TEL: 0763-48851 ADD £1.50 P&P PER ORDER AND 15° VAT. ce Remeciber you must ade VAT ot 15 


REMEMBER 4018) MUST ADD £1.50 P&P Total Postage add £1.50 per Total order 
AND 15% VAT TO TOTAL ORDER. 


to your order 
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PROGRAM 


THE ADVANCED PROGRAMMERS’ JOURNAL N () WW | 


: The one tool every programmer should have! 

‘  InIssue 3: Write a Million Selling Program - Discover Object 

( Oriented Programming - The New Clipper Revealed - Legalise Your 

‘ TSRs - The Expert's Guide to the PCW - Public Domain Software for 

{Programmers - Plus: Number Crunch Your Eigenvalues - Gadgets and 

Gizmos - Programmer's Patch - Basic, C, Fortan, Pick and much 
more. 


Now at your newsagents - price £1.25. 
Also by subscription (£15 for 12 issues, £18 overseas), from: 
Program Now, Intra House, 193 Uxbridge Road, London W12 9RA 


From Intra Press - publishers of Practical Electronics 





Ah. = an-~A Ao 2 Ano ee _ x 


8052-BASIC =, 


MICROCONTROLLER-KIT ‘Ctup, 


59p 


de 
eprTion price Da 
guMmer OF LOW Dences Os hi 
* Powerful Enhanced Basic Interpreter, * Single Unregulated Supply Requirements HUNDRED oF NEN tas “ 


* On Board EPROM Programmer, * Small Physical Size (80 by 100mm), WU rom . 
* Program Development from a VDU, * Expansion with range of Compatible " 
* 32K Bytes of CMOS Static RAM, Circuit Boards. 
* 32K Bytes of CMOS EPROM * Two RS232 Ports, 
(expandable to 56K Bytes), 


I/0 CONNECTIONS SEE US AT ELECTREX 88 
29th FEB TO 4th MARCH 
AT THE EXHIBITION CENTRE 
IN BIRMINGHAM 


PRINTER 

DUPLEX 
8052-BASIC PORT KIT including all components, 
CONTROLLER full instructions and 


operating manual— £129 
Y Manufactured and Fully Tested 


32K B : : 
EPROM Circuit Board — £244. 
MEMORY 


32k BY “All prices exclude VAT. 
ATA. STATIC 
== ee, Packaging and Postage ... that there ts a rea/ difference at Cricklewood Electronics. 


FREE (UK only) That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS 
ony). COMPONENTS CATALOGUE, for sheer variety, competitive prices and service 
Europe £2.75 from the U.K.’s number one 100% component shop. No gimmicks, no gadgets or 
Elsewhere £6.50.’’ computers, just components, millions of them, all easily available by mail order, 
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your 
EXPANSION 8 TO 16V FREE copy now (no SAE required). You have nothing to lose. 


CONNECTOR SUPPLY 
CRICKLEWOOD ELECTRONICS LIMITED 


: (au Ty Q A I 40 Cricklewood Broadway, London NW2 3ET 
Te E IN | | b Vstectronics itd Tel: 01-450 0995/01-452 0161 
ails p oni | Telex: 91 4977 
e : a : 


Co 
Mace MONIFIETH BUSINESS CENTRE 
DUNDEE DD5 4P7 Telephone: 0382 534944 
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PRACTICAL ELECTRONICS 


ARMCHAIR 


SCIENTIFIC AND TECHNICAL 


BOOK SHOP 


QUALITY BOOKS AT REASONABLE PRICES 


WHY A BOOK SERVICE? 


We receive hundreds of letters from readers from all over 
the world complaining that they are unable to get hold 
of books or information on various subjects. 

The information is available if only you know where to 
look. Unfortunately, it's‘ looking that takes so much time. 
By expanding our book service to include books froma 
variety of publishers we are able to keep you informed 
as to what is available’ on a wide range of subjects. 

All the books in our service are available from our 
editorial office at the recommended retail price plus 
postage and package. (We are not allowed to sell them 
at below cover price.) In addition to our book service, we 
have commissioned some independent reviews of some 
selected titles in order to give a fair and balanced view 
as to their suitability, quality and value. These reviews 
will appear regularly to back up our service. Descriptions 
of books accompanying titles in the book service are not 
independent reviews but are merely indications of their 
contents. You may photocopy this form if you prefer. 





BOOK ORDER FORM 


Please supply the following books listed on the 
enclosed form. | 

Remittance. should be sent to: 

PE Book Service, Practical Electronics, 

Intra House, 193 Uxbridge Road, London W12 9RA. 
Cheques should be crossed and made payable to 
Intra Press. 














PRICES INCLUDE POSTAGE AND PACKING FOR 
INLAND ORDERS BUT PLEASE ADD £2 PER ORDER 
FOR OVERSEAS* 


ee 
——— 

sie am 
ee 
Se 
ieee SCEeS ELS 
SEE nenae aie vel! 












ADD £2 FOR OVERSEAS* 


TOTAL ENCLOSED 


NAME AND ADDRESS 
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PRICES 





A PRACTICAL GUIDE TO WORD PROCESSING ON THE 
AMSTRAD PCW 8256 AND PCW 8512 

There have been 1000’s of Amstrad computers sold — this book is a 
guide to using the word processing facilities 

FA. Wilson 1986, 182 pages,£6.45 inc p&p, Order code BP187 


MIDI PROJECTS 
R.A. Penfold, 96 pages, £3.45 inc p&p. Order code BP182. 


GETTING THE MOST FROM YOUR PRINTER 
A guide to making the most of your printer, £3.45 inc p&p, Order 
code BP181. 


MICRO INTERFACING CIRCUITS BOOK 1 

MICRO INTERFACING CIRCUITS BOOK 2 

R.A. Penfold, 1984, Book 1 112 pages, Book 2 112 pages, £2.75 each 
inc p&p, Order codes BP130, BP131. 


EASY ADD-ON PROJECTS FOR COMMODORE 64, VIC 
20, BBC MICRO AND ACORN ELECTRON 
O. Bishop, 1985, 208 pages, £3.45 inc p&p, Order code BP134. 





EASY ADD-ON PROJECTS FOR AMSTRAD CPC 464, 6128 


and MSX COMPUTERS 
O. Bishop, 1986, 196 pages, £3.45 inc p&p, Order code BP171. 


AN INTRODUCTION TO COMPUTER PERIPHERALS 
J.W. Penfold, 1985, 80 pages, £3.00 inc p&p, Order code BP170. 


MICROPROCESSING SYSTEMS AND CIRCUITS 
FA. Wilson, 1980, 256 pages, £2.45 inc p&p, Order code BP77. 


AN INTRODUCTION TO COMPUTER 


COMMUNICATIONS 
R.A. Penfold, 1986, 96 pages, £3.45 inc p&p, Order code BP177. 


AN INTRODUCTION TO 68000 MACHINE CODE 
Price £3.45 inc p&p, Order code BP 184. 
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DIGITAL IC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels, 1985, 256 pages, £6.45 inc p&p, Order code BP140. 


LINEARVIC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels, 1985, 320 pages, £6.45 inc p&p, Order code BP141. 


INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE 
A. Michaels, 1981, 320 pages, £4.00 inc p&p, Order code BP85. 


ELECTRONICS SCIENCE PROJECTS 
O. Bishop, 1982, 144 pages, £2.75 inc p&p, Order code BP104. 


POWER SUPPLY PROJECTS 
R.A. Penfold, 1980, 96 pages, £3.00 inc p&p, Order code BP76. 


PRACTICAL ELECTRONIC BUILDING BLOCKS - BOOK 1 
PRACTICAL ELECTRONIC BUILDING BLOCKS - BOOK 2 
R.A. Penfold, 1983, Book 1 128 pages, Book 2 12 pages, £2.45 each 
inc p&p, Order codes BP117, BP118. 


AUDIO PROJECTS 
EG. Rayer, 1981, 96 pages, £2.45 inc p&p, Order code BP90. 


PRACTICAL ELECTRONICS CALCULATION AND 


FORMULAE 
FA. Wilson, 1979, 256 pages, £3.45 inc p&p, Order code BPS3. 


MORE ADVANCED ELECTRONIC MUSIC PROJECTS 
R.A. Penfold, 1986, 128 pages, £3.45 inc p&p, Order code BP174. 


16-BIT MICROPROCESSOR HANDBOOK 
Trevor Raven 

The 16-bit Microprocessor handbook examines the characteristics of 
the four most popular chips: 8086, Z8000, and 99000. Over 95% of 
the 16-bit microcomputers available on the market today incorporate 
one or other of them. 
£9.95 inc p&p 


NEWNES ELECTRONICS POCKET BOOK 

E.A. Parr, 5th edition, 1986 

Despite the increasing emphasis on microcomputers, the aims of the 
book are unchanged; namely the presentation of all aspects of 
electronics in a readable and largely non-mathematical form for both 
the enthusiast and the professional engineer. 

£9.45 inc p&p Order code NT10 


BEGINNER’S GUIDE TO INTEGRATED CIRCUITS 

Ian R. Sinclair, Second edition 1983 

“As before Ian Sinclair has managed to produce an outstanding book 
for the beginner to electronics.” (Everyday Electronics) 

£5.45 inc p&p Order code NT8 


INTRODUCTION TO _ 6800/6802 MICROPROCESSOR 
SYSTEMS HARDWARE, SOFTWARE AND 
EXPERIMENTATION 

R.J. Simpson & T.J. Terrell 

“This book is very thorough.” (Electronics and Computing) 

“This text has long been needed... essential reading.” (Micro 
Forecast) 
£8.45 inc p&p 


Order code NT7 


Order code NT9 
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PRICES 


Brian Dance, 2nd Edition 1986 

This edition provides a source of practical circuits using both new 
devices and well-established ones like the 741, and including all 
component values. Written in a simple, non-mathematical style and 
specifically directed to the non-academic reader. 

£6.00 inc p&p Order code NT2 


OSCILLOSCOPES (HOW TO USE THEM, HOW THEY 
WORK) 

Ian Hickman, 2nd Edition 1986 

This second edition has been updated to cover new techniques and 
new instruments which have been introduced since the publication 
of the first edition in 1981. Illustrated with diagrams and photographs 
of many more oscilloscopes than the first edition, the book will appeal 
to everyone who wants to know about oscilloscopes, from the school 
student to the graduate, from the hobbyist to the technician. 

£6.00 inc p&p Order code NT3 


MODERN ELECTRONIC TEST EQUIPMENT 

Keith Brindley, 1986 

The subjects covered include analog and digital meters, oscilloscopes, 
signal sources, frequency, time and event counters, spectrum and 
logic analysers, displays and automatic test equipment. 

£7.45 inc p&p Order code NT4 


PRACTICAL MICROPROCESSOR 
HANDBOOK 
Ray Coles, 1986 
Can be used to select an appropriate microprocessor for a particular 
task as a comprehensive reference source for the technician, as an 
overall introduction to the microprocessor scene, or as a primer for 
the engineering student. 

Taken from Practical Electronics and updated to include new 
information and devices. 
£14.00 inc p&p 


ELECTRONICS 


Order code NT13 


LA Brians 
3 " ER Beets 
ee R833 


Bi dss 


Ian Sinclair, 1986 Revised Edition 
A useful and carefully selected collection of standard circuits rules-of- 
thumb, and design data for professional engineers, students and 
enthusiasts involved in radio and electronics. 

This revised edition contains more details on computers and 
microprocessors and has been brought up to date throughout. 
£6.45 inc p&p Order code NTI 
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HART 
Hi-Fi Kits 


Offer you a route to the very best Hi-Fi sound at bargain prices. Consider 
these star features: 


* Up to the minute Circuit design by John Linsley-Hood and other 
famous writers. 

* Advanced PCB layouts and engineering by HART. 

* Components specified BY THE DESIGNER for ultimate sonic 
performance give you the superior sound quality you want. 

* Better value for your money. HART KITS have a far longer life 
than the Far Eastern 5-year norm. 

* Order now in confidence from a firm established in 1895 and 
producing electronic kits since 1960. 


* Our kits are easy to build, 27 years of design experience 
guarantee that. Why not give your ears a treat, AND learn about 
electronics at the same time by building yourself a HART KIT. 


Each month we will feature a different HART KIT in this advert, but you 
can get instant information on our complete range by writing or 
telephoning for our free lists. 


LINSLEY-HOOD CASSETTE RECORDER CIRCUITS 





Complete record and replay circuits for very high quality low noise stereo 
cassette recorder. Circuits are optimised for our HS 16 Super Quality 
Sendust Alloy Head Switched bias and equalisation to cater for chrome 
and ferric tapes. Very easy to assemble on plug-in PCBs. Complete 
with full instructions. 


Complete Stereo Record/Play Kit ..........:ccccceseeeeesseneenerenaeenees £33.70 
Reprints of original Articles ............:cccessesseseeseeneenenesensenegereananeneeees 75p 





Z-MATCH 
Smith Chart Program 


Personal callers are always very welcome but please 
note that we are closed all day Saturday 


400 SERIES LINSLEY-HOOD ULTRA HIGH QUALITY 
AUDIOPHILE TUNER SYSTEM. 





Our very latest kit offers the discerning enthusiast the chance to get the 
ultimate sound quality possible from both AM and FM broadcasting 
systems. This is made possible by having completely separate receivers, 
both of which use new and novel circuit features to enhance their audio 
performance. The kit combines the ultra high quality FM tuner and stereo 
decoder from “Electronics Today International” with the Synchrodyne 
AM receiver from “Wireless World”, cased to match our 300 Series 
amplifiers. To simplify construction the FM sections uses a ready built 
pre-aligned front end. The phase locked loop demodulator/IF stage 
having a response down to DC and advanced sample and hoid stereo 
decoder together make a tuner which sounds superb, but thanks to the 
ingenious double sided PCB layout is easy to build and totally stable. 
The Synchrodyne AM section with it's selectable bandwidth provides 
the best possible results from Long and Medium wave channels, so 
necessary in these days of split programming. Build any one of four 
versions up to the full AM/FM model, with any unit being upgradeable 
at any time. 


K400FM FM Only Tuner Kit ............ cs esssssesccesceseseeseseeeeeeeees £134.61 
IRADOADA Oral Testi HR vcassscesssscescsccesicsecseaenesscssssisosanenaocnign £147.87 
K400FM/A FM Only Adaptable AM ............ccccccessesseseneeees £139.96 
K450 Synchrodyne AM Module Kit ............cscsescesesneeseeseereees £65.90 
400AM/FM Full AM/FM Kit .............ccccscssssscssssssessesesessenersnenes £205.92 


LINSLEY-HOOD 300 SERIES AMPLIFIER KITS 
Superb integrated amplifier kits derived from John Linsley-Hoods articles 
in ‘Hi-Fi News’. 
Ultra easy assembly and set-up with sound quality to plese the most 
discerning listener. Ideal basis for any domestic sound system if quality 
maters to your. Buy the kit complete and save pounds off the individual 
component price. 


K300-35 35 Watt. Discount price for Complete Kit .................. £98.79 
K300-45. 45 Watt. Discount price for Complete Kit ............... £102.36 
RLH4&5 Reprints of Original Articles .............:.csceseeseeeeseeseeeeees £1.05 


(0691) 652894 


PCB DESIGN 


for IBM PC/XT/AT £160 (ex VAT) 


for BBC B £65 IBM PC/XT/AT £130 (ex VAT) 


C= 4,96E-L1 Farads 


Takes the drudgery out of ™:“*"_< 


Matching problems. 
Includes many more 
features than the standard 
Smith Chart. Full 
calculation of all 
parameters. 


ANALYSER Il 
for IBM PC/XT/AT 


A.C. CIRCUIT ANALYSIS 

Now analyses Coaxial ANd ewan 
microstrip transmission lines” 
plus R’s, C’s, L’s, T’s, Op- 

amps and Bipolar & Field 

Effect transistors 
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Wavelengths towards : 
Generator: 0,330 
Load=-0, 330 


Reference 
Mode 


package. 


«as | Very easy to learn and use. 


Y Chart 
$/¢ 


i Cursor 
@ vic: | Component library facilities 


Y -0,004,2.73 
Adni ttance-wMhos: 
-0.08 + 54.53 


24 Hour Sales Line PLEASE ADD VAT g 
TO ALL PRICES 






Low cost PCB draughting 


a 


HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 





Do your tapes lack treble? A worn head could be the problem. Fitting 
one of our replacement heads could restore performance to better than 
new! Standard mountings make fitting easy and our TC1 Test Cassette 
helps you set the azimuth spot-on. We are the actual importers which 
means you get the benefit of lower prices for prime parts. Compare us 
with other suppliers and see! The following is a list of our most popular 
heads, all are suitable for use on Dolby machines and are ex-stock. 
HC20 Permalloy Stereo Head. This is the standard head fitted as 
Original equipment ON MOSt GEOCKS ..........-.eeseeeseeseeeseeseereeseeeee £7.66 
HS16 Sendust Head. The best head we can find. Longe’ 
life than Permalloy, higher output than Ferrite, fantastic ee 


COMIN gi casecsicokestncicossctosipersenstictns soinasplabonssbnasesnecbees eansons ; 
HQ551 4-Track Head for auto-reverse or quadrophonic use. Full 
specification record and playback head .............sssessesseseesees £14.60 
HX100 Stereo Permailoy R/P head Special Offer .................. £2.49 
MA481 2/2 Language Lab R/P head ................ceeseneeeeeeeees £13.35 
SM166 2/2 Erase Head. Standard mounting AC type ............ £8.85 
SM150 2/2 Erase Head. DC Type ............ccccccseseeeeeeeeeeneenenees £3.60 
HQ751E 4/4 Erase Head for Porastudio etc .............c: £46.80 


Full specifications of these and other special purpose heads in our lists. 


HART TRIPLE-PURPOSE TEST 
CASSETTE TC1 


One inexpensive test cassette enables you to set up VU level, head 
azimuth and tape speed. Invaluable when fitting new heads. Only £4.66 
plus VAT and 50p postage. 


Tape Head De-magnetiser. Handy size mains operated unit prevents 
build up of residual head magnetisation causing noise on playback ocak 


Send for your free copy of our LISTS. Overseas please send 2 
IRCS to cover surface post or 5 IRCS for Airmail. 


Please add part of cost of post, packing and insurance as follows: 


INLAND oO 
Orders up to£10—50p Please send sufficient to cover 
Orders £10 to £49-—£1 Surface or Air Post as 
Orders over £50—£1.50 required. 















1) EK 
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Write or phone for full details: 


Ref: PE 


NUMBER ONE SYSTEMS LIMITED 
Harding Way, Somersham Road, 


Linear Circuit Analysis Progras AMALYSER 11 
Circuit Mase: STRPFLTR = 4th February 1968 


Tel: 0480 61778 


St Ives, Huntingdon, 
Cambs. PE17 4WR 


We offer full after-sales support with telephone 
“HELP HOTLINE” service. 
Software updates FREE within 6 months of purchase. 
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REPORT BY 
TOM IVALL 


hen Ferranti sold its semiconductor 

business to Plessy a few months 
ago we witnessed the last stage in the 
rise and fall of the British-owned 
integrated circuits industry. Let’s hope 
that Plessey makes a success of the new 
merged business. It stands a good chance 
of doing so, for it has now become the 
largest manufacturer of application- 
specific ics in Europe. And the market 
experts are predicting a world growth of 
about 25% per annum in this part of the 
semiconductor industry over the next 
few years. 

But Plessey also finds itself virtually 
the last bastion of Britain’s presence in 
the world chip-making scene. As such it 
has become a cynosure. All national 
hopes are pinned on it. At the same time 
this very fact shows that the company 
has had great strength to survive so long 
in this highly competitive field. It has 
made the right technical and commercial 
decisions — particularly to stay out of the 
cut-throat business of manufacturing 
standard devices for high-volume 


production. 
Twenty years ago there were five 
British-owned ic manufacturers 


operating in the UK: Ferranti, Marconi, 
Plessey, AEI and Welwyn (in rough order 
of production volume). Subsequently 
AEI merged with GEC and semicon- 
ductor manufacturing was carried on by 
the last-named. GEC also had a one- 
third stake in a European joint-venture 
company called Associated Semicon- 
ductor Manufacturers, the other two- 
thirds being owned by Mullard, the 
Dutch Philips subsidiary. 

But already in 1968 the big American 
companies like Texas, Motorola and 
SGS-Fairchild, assisted by a number of 
small suppliers like RCA, Sylvania and 
Transitron, had secured about 70% of 
the UK market for ics. And this was even 
before Intel had appeared on the scene 
with the first microprocessors and before 
the great commercial onslaught of the 
Japanese semiconductor firms. 

So throughout the 1970s the British- 
owned ic companies were increasingly 
on the defensive. Their market share 
continued to shrink. At this point the 
rapid development of microprocessors 
and their associated semiconductor 
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NOTEBOOK 


TWENTY-YEAR SHAKE-OUT 


The retreat of the UK semiconductor industry, now regarded #33333: 
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virtually as mythical, is only part ofa worldwide concentration 33333: 


of manufacturing control. 


memories placed visi firmly in the centre 
of the electronics stage. The then Labour 
government feared that the UK would 
be elbowed out of visi chip-making 
altogether, and, in the absence of private 
capital, decided to invest public money 
in a nationally owned enterprise for 
large-volume manufacture of standard 
visi devices. Thus Inmos was born. 

You may have thought I had forgotten 
Inmos in my preamble about Plessey 
now being the last bastion of the UK 
chip industry. It’s true that Inmos is still 
(at the time of writing) a British-owned 
company. But there is now even more 
doubt about its future than when I 
reported on its situation in October 
1986. 

Although the Transputer family of 
products has been quite successful, 
taking about 5% of the world market 
for 32-bit microprocessors, the overall 
commercial progress of the company has 
been downhill all the way. In 1984 the 
UK government (by then Conservative) 
sold its majority shareholding to Thorn- 
EMI, but the new owners failed to turn 
the business round into — steady 
profitability. Exposure to the supposedly 
healthy atmosphere of private enterprise 
was not in itself enough. Inmos is now 
losing about £95 million a year. 

In my October 1986 report I 
mentioned that Inmos was cutting costs 
by pulling out of the highly competitive 
dynamic ram business, running down the 
Colorado Springs plant in the USA and 
shedding 670 jobs in the process. Now 
the contraction has been taken a stage 
further. Static rams have gone too, 
having also proved unprofitable, and the 
Colorado Springs factory has been 
completely shut down, with a further 
loss of 300 jobs. 

It’s no secret that Thorn-EMI wants 
to sell Inmos. The cost cutting exercises 
on memories and the __ resulting 
concentration on the _ Transputer 
products (which now account for over 
50% of the chip-maker’s revenue) are 
restructuring moves designed to make 
Inmos a more attractive package for 
potential buyers. 

During 1987 Plessey was_ being 
discussed as possible purchaser, but 
while Inmos was still making standard 
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chips the Plessey management declared 
it was definitely not interested. Will the 
present changed structure of Inmos 
make any difference? We can only wait 
and see. But if Plessey does not acquire 
Inmos, this once bright hope of state 
enterprise will probably fall into foreign 
hands. If a Japanese, American or 
European company did buy Inmos and 
made a big success out of the Transputer, 
as seems possible, we could only hope 
that certain decision-makers in Britain 
would have the moral decency to kick 
themselves really hard. 

Ferranti’s decision to sell off its 
semiconductor business to Plessey (for 
£30 million) is not hard to understand. 
Over two decades or more it made 
valiant efforts to establish itself as a 
viable chip-maker and, while doing so, 
introduced some technically advanced 
and useful products, such as_ the 
uncommitted logic array. But in the end 
the world competition proved too much. 

The 1986/87 trading year was 
particularly bad because of very difficult 
conditions in the USA. Turnover was £66 
million, but operating profit fell 
dramatically from the £3.7 million of the 
previous year to a mere tenth of that 
figure. The Ferranti management said 
during 1987 that it saw little prospect of 
an improvement, so the announcement 
of the sale to Plessey was not entirely a 
surprise. 

All this contraction in the indigenous 
British semiconductor industry may 
seem a terrible tale of woe. But the 
process is by no means peculiar to the 
UK. In February of last year, for 
example, I reported that US companies 
were getting out of semiconductor 
memories. More recently the Italian 
firm SGS has merged with the 
semiconductor business of Thomson of 
France. Siemens and Philips have been 
defensively pooling some of their 
resources. In America again, the two 
giants General Electric and IBM have 
recently got together to develop 
application-specific ics. By the end of 
this decade the world semiconductor 
market could well be dominated by a 
mere half-a-dozen multinational 
companies. 
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DON’T MISS A 
VITAL COPY! 


| 
Ever been in the middle of a | 

project only to find the next 
issue sold out? An annual | 
subscription to PRACTICAL | 

ELECTRONICS solves the 

problem. | 
| 





Wherever you live you'll 
receive a copy regularly each 
month. It’s the quick, practical 

way to solve the delivery 






of this form. ' 






PE BAZAAR 


Reverb Unit £17. Grid DIP Meter £17. 
Heathkit A.F. Signal Generator £27. 
Sensory Chess Challenger £39. Contact: 
R. Hearn, 10 Speedwell Close, Pakefield, 
Lowestoft, Suffolk, NR33 7DU. Tel: 0502 
66026. 

Wantec. Service manuals or circuit 
diagrams for Texas TI59 claculator and 
PC100C printer. Contact Mr. Hunt: 0202 
876753. 

U.V. Box (+ Timer) like RS. 556-238 
Eprom eraser/photo DEV/label printing 
systém. Some materials included. £50. 
H. Chambers, 370 Priory Road, 
Southampton, Hants. Tel: 0703 550270. 
Wanted. Modern dual beam oscilloscope. 
Minimum 10MHZ 5mv/cm. Tel: Fleet 
(0252) 621505. 

Wanted. Eprom programmer with stand 
alone operation. EG Softy II. Good price 
paid. Contact: G. Matthews, Christ's 
College, Cambridge, Cambs, CB2 3BU. 
Two Plessey Trancievers type 
PTR170 also advance counter timer type 
TC4A. Offers: Alan 01-568 5458. 
Wanted. A67-510X tube. Swap Memorex 
1377 console and keyboard, geiger 
counter, info. Sony, B&O, Hitachi, 


c—----------- 





Name & Address 


PRACTICAL 


ELECTRONICS 






Annual Subscription Rates 
UK. £15.00 POST COPIES TO 
Overseas £18.00 
Students: Deduct £1 and quote NAME 
Student Number 
ADDRESS 


Complete this form and 
post it, with payment 
to: Practical Electronics 


SUBSCRIPTION 
ORDER FORM 


POST CODE 


| enclose my cheque/PO payable to Intra Press for 


Please Note: Subscriptions cannot be ordered by phone 


problems. Subscriptions Dept. 
COMPLETE AND POST PO Box 500 
THIS ORDER FORM Leicester LE99 OAA Bacay 
TODAY! 
You may se::d a photocopy Signature 


W.HLY. C. Jackson, Thornbury, Sutton- 
on-Forest, York, YO6 1EQ. Tel: 0347- 
810354. 

64K Apple II compatible disk drives Z- 
80, printer, memory cards etc. Monitor, 
Epson daisywheel printer, manuals. 
Offers: Kevin Steer, Shrublands, Kings 
Mill Lane, Gt. Shelford, Cambridge, 
CB2 5EN. Tel: 0223-842879. 
Oscilloscope wanted: 
considered. Tel: 0325 461104. 
Spectrum: Cheetah Rat £7.00, Currat 
uspeech £7.00. 47 copies of Crash £10. 
Buyer collects. Camden Town. Mike 
Breslin, 79A Arlington Road, Camden 
Town, NW1 7KS. Tel: 01-387 1224. 
Heathkit oscilloscope for sale £30.00. 
Ideal for learning electronics projects. J. 
Plaha, 63 Bayswater Drive, Rainham, 
Kent. Tel: 0634 33207. 

Wanted. Info - Ayr teletext receiver TI. 
or likely repairer for unit circuit 
diagram would help. Contact: R.C. 
Fraser-Milner, 31 Baynham Road, 
Mitcheldean, Glos. GL17 OJR. Tel: 0594- 
543 203. 

Hitachi short wave bandspread. 9 band 
13 to 90 meters car radio converter WM- 
20 neg/pos eartrh 6/12 volt £17.50. 01- 
289 8801. 








a 
Please publish the following small ad. FREE in the 
next available issue. I am not a dealer in electronics or 
associated equipment. I have read the rules. 

Signature........ 


RULES. Maximum of 16 words plus address and/or 
phone no. Private advertisers only (trade or business ads. 
can be placed in our classified columns). Items related to 
electronics only . No computer software. PE cannot accept 
responsibility for the accuracy of ads. or for any transaction 
arising between readers as a result of a free ad. We reserve 
the right to refuse advertisements. Each ad. must be posted 
within one month of cover date. (One month later for 
overseas readers). 

Send this form (or a photocopy of it) to: 

PE Bazaar, Practical Electronics, 193 Uxbridge Road, 
London W12 9RA. 


Moving coil panel meters 200-0-800 
uA. 3 1/2 inch scale length. Few only. 
£2.00 each, post free. S.A. Knight, 5 De 
Lisle Close, Market Harborough, LE16 
QNN. 

Wanted: panel meters and hand held 
project boxes. Lots of or any information 
urgent. N. Rogerson, 117 Chatsworth 
Road, Hazel Grove, Stockport, Cheshire. 
185 PE mags 68-83. Most in annual 
binders. Offers please. D. Clifford, 13 
Wilderness Road, Hurstpierpoint, W. 
Sussex, BN6 9XD. Tel: 0273-833575. 
Amstrad TS33 rack system. New 
cartridge head and mains noise filter. 
Needs cassette lid. £35 ono. Mr D. Lotay, 
65 Downsfield Road, Sheldon, 
Birmingham, B26 2TV. Tel: 021-743 
3400. 

Wanted: Modulator MP2 for Amstrad 
CPC6128 also cheap 3 Inch discs and 
ROMS. Repy guaranteed. Steven Boyd, 
159 Sulgrave Road, District 11, 
Washington, Tyne & Wear, NE37 3DB. 
VDU for sale. CDC 92452. Glass 
teletype, RS232 and printer port. £80. 
Will deliver for petrol. Alan Trevennor, 8 
Vinters Avenue, Stevenage, Herts. Tel: 
0438-358811. 
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FULL-TIME 
Bm VAUIN Te 
COURSES 


2 YEAR 
BTEC National Diploma (OND) 
ELECTRONICS AND 
COMMUNICATIONS 
ENGINEERING 


(TV, Computers, Programming, |T) 


1 YEAR 
BTEC National Certificate (ONC) 
ELECTRONIC EQUIPMENT 


SERVICING 
(TV, Video, CCTV) 


COMPUTING TECHNOLOGY 


(Microprocessors, DataComms, Interfacing) 


INFORMATION TECHNOLOGY 


(Telecomms, Satellite TV, CD, Networks) 


SOFTWARE ENGINEERING 
(Assembler, BASIC, PASCAL, CADCAM) - 


COURSES COMMENCE 
Monday 25th April 1988 


LONDON ELECTRONICS 
COLLEGE 


Dept: AA, 20 Penywern Road, 
London SW5 9SU. Tel: 01-373 8721 


Special Offer List Feb 1988 


Computer grade capacitors with screw terminals 
*58000uf 60v 3.50 *39000uf SOv 3.00 
4700uf 63v 1.50 87000uf 10v_ 1.50 
38000uf 20v_ 1.95 68000uf 15v 2.07 
Sterio LW/MW/FM tuner pre-amp panel with circuit 
diagram and description setting up procedure etc. 
Brand new 5.95, faulty return 
5 digit 6v electromagnetic counter 
240v ac 3 digit resetable counter 
stepping motor 4 phase 12 volts 7.5° step 50 ohms 
SAA1027 stepping moter driver chip 
LNE mains suppressor 2x5nf+100nf 
Motor Start Capacitors 1.5uf 440 vac 
40 uf 370vac 5.95 4uf 250vac 
axial polyester capacitors 
0.22 uf 250v SEI 
0.033uf 250v ac Plessy 
0.047uf 250v ac Plessy 25.00/1000 
0.13uf 250v ac Plessy p 50.00/1000 
Qwerty Keyboard 58 key uncased £5.00 
TV type thermal cut out 1.6 and 0.45A £0.95 
100dB piezo buzzers 1.50 std piezo buzzer £0.80 
miniature FM transmitter 100-108Mhz £7.48 
oval 8 ohm speakers 136X70mm £0.60 
solar cells 0.45v 100mA 1.48 700mA £3.50 
pocket autoranging multimeter with 
clock £32.20 
19 way extra flat ribbon cable 30p/meter 
Used 27128 EPROMSs last few only 
LCD display 16 digit 7x5 dots 
Resistors 0.25w 5% Ip 1% 
Leds red/green 3/Smm 6p each Yellow 
100NF Axial Ceramic Capacitor £5.00 per 100 
Flux cord solder 500g 
CMOS TTL 74HC 74F Linear Transistors Kits 
capacitors resistors tools etc always in stock 
callers welcome VAT included 
please add 75p postage and packing per order 
plus 50p extra per item indicated by a ”’*” 
All Parts brand new and unused unless stated 


JPG Electronics 276 Chatsworth Road 
Chesterfield S40 2BH Access (0246) 211202 


25.00/1000 
25.00/1000 





SURPLUS/REDUNDANT ELECTRONIC 
COMPONENTS WANTED 


/Cs - Tuners - Transistors - Valves - Diodes etc. any 
quantity considered — immediate payment. 


ADM ELECTRONIC SUPPLIES 
Tel. 0827 873311 Fax: 0827 874835 
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CLASSIFIEDS 


QUALITY HAND TOOLS 


Genuine, original Micro-Shear™ Side 
Cutters, Pliers, Screwdrivers, Nut 
Spinners, etc., etc. at Competitive Prices. 
S.A.E. for listing to; Quinton Tool 
Supplies, Dept. PE 52 Grayswood Park 
Road, Birmingham, West Midlands 
B32 1HE. 


Carbon Film Resistors YW E24 series 0-51R to10M0 - 1p 
100 off per value - 75p 1000 off in even hundreds per value — £7 
Metal Film YaW 10R0 to 1M0 5% E12 series — 2p 1% E24 series - 3p 
YaWatt metal/carbon film E24 series 1RO to 10M0 - 1%p 
1 Watt metal/carbon film E12 series 4R7 to 10M0 - 5p 
BC107/8/9 - 12p BC547/8/9 - 8p BC182L 184L - 10p 
BFY50/51/52 — 20p 2N3055 - 50p TIP31A,32A — 25p TIP,41,42, - 40p 


Tantalum head subminiature electrolytics (Mids/Volts) 

0-1/35, 0-22/35, 0-47/35, 3-3/16, 4-7/16 - 14p 4-7/35 — 15p 
2:2/35, 4-7/25, 10/5-15p 4-7/35,6/8/16-16p 10/16,22/6 - 20p 
22/16 — 30p 33/10 — 30p 47/10 - 35p 100/6 - 40p 
Aluminium Electrolytics (Mids/Volts) 

1/50, 2:2/50, 4-7/25, 4-7/50, 10/16, 10/25, 10/50 — 5p 22/16, 22/25 — 6p 
22/50, 47/16, 47/25, 47/50-6p 100/16, 100/25-7p  100/50-12p 
100/100 — 14p 220/16 — 18p 220/25, 220/50 — 10p 470/16, 470/25 - 11p. 
1000/25 - 18p 1000/35, 220/25 - 22p 4700/25 - 70p 


Miniature Polyester Capacitors 250V Wkg. Vertical Mounting 
‘01, -015, 022, -033, -047, 068-4p 0:1-5p 0-15, :22-6p 0-47 -8p 


Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series 

1000p to 8200p-3p -01to-068-4p 0:15p 0-15,0-22-6p 
Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical Mounting 
2% 1P8 to 47P-3p 56Pto330P-4p 10% 390P to 4700P - 4p 
Ceramic plate/disc E6 Series 50V 22P to .047 - 2p 


Polystyrene Capacitors 63V Wkg. E12 Series Axial Mounting 

10P to 820P - 3p 1000P to 10,000 - 4p 12,000P — 5p 
1N4148-2p 1N4002-4p 1N5404-14p W0O1 bridge - 25p 
0A91 - 6p AA143 - 8p W005 — 20p 1N4006 — 6p 
Zener diodes E24 series 3V3 to 33V 400mW - 8p 1 watt - 12p 
L.E.D’s Red, Green & Yellow 3mm & 5mm — 10p 8mm — 35p 
20mm fuse 0:1A to 5A quick blow — 5p Anti Surge - 8p 
High Speed drills 08mm, 1:0mm, 1:3mm, 1-5mm, 2mm — 25p 
Expo Reliant drilling machines 12V d.c. with improved 3-jaw chuck 6.50 
Nicads AA — 80p HP11 - £2 PP3 - £4.20 Universal Chargers — £6.50 
Glass reed switches single pole make contacts—8p | Magnets—12p 


VAT inclusive. Return postage 20p (free over £5). Lists free. 
THE C.R. SUPPLY CO., 


127 Chesterfield Road, 
Sheffield S8 ORN. Tel. 557771. 





VISIT THE SUNNY SOUTH COAST 


It’s worth it to see the 
biggest display of 
ELECTRONIC COMPONENTS 
in the South 


FRASER ELECTRONICS 


42 ELM GROVE - SOUTHSEA - HANTS 
COME AND BROWSE BEFORE YOU BUY 


Access Barclaycard 


QUALITY COMPONENTS 


AND ACCESSORIES 
Wide range of Multimeters from £8.00 
Altai ETCS000 Multimeter 5OKQ/V £28.60 
Altai Solder Pump £4.50 post free 
12” 150 watt 80hm Guitar Power Speaker 
only £25 + £2. 50 P&P 


SEND FOR FREE LISTS 


STRACHAN ELECTRONICS 
9 CROALL PLACE 
EDINBURGH EH7 4LT 


CLASSIFIED RATES 


20p per word (minimum 12 words) 
£9.50 per single column centimetre 
(+VAT) 


Send in your classified ad. with payment 
to PE Classifieds, Intra House, 193 
Uxbridge Road, London W12 9RA 








Panel Meters, Multimeters, Microphones 
Transformers Computer Leads, Ni-Cad Batteries. 


Send £1 for illustrated Colour Catalogue. 
M. Dziubas 

158 Bradshawgate 

Bolton 

Lancs. 


THE SCIENTIAC WIRE COMPANY 
811 Forest Road, London E17. Telephone 01-531 1568 
ENAMELLED COPPER WIRE 
2 oz 
0.88 
0.93 


14 to 30 10.10 5.20 2.93 
TINNED COPPER WIRE 
14 to 30 3.97 2.41 1.39 0.94 
Post Free. Please add V.A.T. at 15%. Orders under £3.00 add 50p 
SAE for list of copper and resistance wire. 
Dealer enquiries welcome. 


ELECTRONIC 
COMPONENTS 


Velleman Electronic Kits 

Test Equipment & Tools 
Instrument Cases 

New 1988 catalogue £1.85 inc p&p 


(Mon-Sat. 9.30-5.30 Closed Thurs) 


Station Road, Cullercoats, North Shields, 
Tyne & Wear NE30 4PQ. Tel. 091 251 4363 


OMNI ELECTRONICS 


stock a wide range of 
electronic components at 
174 Dalkeith Road 
Edinburgh EH16 5DX 
Tel: 031 667 2611 
situated midway between 


Commonwealth Pool 
and Cameron Toll 









TURN YOUR SURPLUS 


ICS transistors etc into cash, immediate 
settlement. WE also welcome the 
opportunity to quote for complete factory 
clearance. Contact: 
COLES-HARDING & CO. 
103 South Brink, Wisbech, Cambs. 
ESTABLISHED 15 YEARS 
Tel: 0945 584188 
Fax: 0945 588844 


MISCELLANEOUS 


CLEARING LABORATORY, scopes, generators, 
P.S.U.’s, bridges, analysers, meters, recorders etc 
Tel. 0403-76236. 










Printed Circuit Boards need 100 off...or just one? 
You can send the Artwork (1:1, single sided) for 
your boards or let me work, at little extra cost, from 
your own drawings. Enquiries: WATLING WIRES 
PCB Production, 52 Watling Street, Nuneaton, 
Warwickshire, CV 11 6JL orTelephone (0203) 382296 


‘Surveillance devices, lasers, testla coils, scramblers, 
ultrasonic and many more, over 150 designs send 
sae to Plancentre, Old Wharf, Dynock Road, 
Ledbury HR8 2HS’ 
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READY-MADE 
P.C. BOARDS 


Simplify your project assembly — use a ready-made printed 
circuit board. All are fully drilled and roller tinned. Just slot 
in the components as shown in the project texts, and solder 
them. PCBs are the professional route to project perfection. 


MAIL ORDERING 


Select the boards you want, and send your order to 
PE PCB SERVICE, PRACTICAL ELECTRONICS, 
193 UXBRIDGE ROAD, LONDON W112 9RA. 


Prices include VAT and postage and packing. Add £2 per board 
for overseas airmail. Cheques should be crossed and made 
payable to Intra Press. 

Quote the project name and PCB Code Number, and print 
your name and address in Block Capitals. Do not send any 
other correspondence with your order. 


TELEPHONE ORDERS (OPEN 24 HOURS) 
Use your Access card and phone your order to 


0268 289923 
clearly stating your name and address, card number, and 
order details. 
All orders receive priority attention, but allow 28 days for 
delivery in case a PCB is temporarily out of stock. 
WE CAN ONLY SUPPLY THE PCBS LISTED HERE 


CHECK LATEST ISSUE FOR 
PRICES BEFORE ORDERING 








PHOTOCOPIES OFTHE TEXTS MAY BE BOUGHT FROM THE 
EDITORIAL OFFICE AT £1.00 EACH PART (£1.50 OVER- 
SEAS), P&P INCLUSIVE. 

COMPONENTS ARE AVAILABLE FROM ADVERTISERS. 


MAY 86 

NOTCHER EFFECTS - unusual harmonics. 
TTL LOGIC CHECKER - for 14 and 16 pin chips 
DF BEACON TIMER - accurate navigation aid. 


JUN 86 

GUITAR TRACKER - transforms a guitar for 
sound synthesis. 

THERMOCOUPLE INTERFACE - transforms a 
DVM into a thermometer. 

BBC LIGHT PEN - inhibiting, enhancing and 
visual feedback. 


JULY 86 
PASSIVE IR DETECTOR - burglar detection 15 3 =—£3.90 
200MHZ COUNTER -— professional specification 00D £30.88 


SEP 86 
FIBRE-OPTIC LINK — computer comms. 


OCT 86 

DRUM SYNTHESISER - variable dynamic 

sound triggered effects. WM SOETG] 
MAINS DELAY TIMER - selectable 15 to 

120 mins. Set of 2 PCBs. 122 £7.92 
MAINS DIMMER - touch control up to 400W. 123 = £3.90 
NOV 86 

REMOTE JOYSTICK - infrared computer 
controller. Set of 2 PCBs. 

BABY ALARM - through-the-mains transceiver. 
DEC 86 

VIDEO ENHANCER - manually adjustable 
video improvement. 


JAN 87 


VIDEO FADER - simple inexpensive video mixer 
VOICE SCRAMBLER - confidential trans. 


ODE £10.14 


124 £10.86 
125 £10.71 
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4 CHANNEL ENHANCER 
LIGHT PEN - uses fibre optics for accuracy 
ULTRASONIC TAPE MEASURE 


APR 87 


VIGILANTE CAR ALARM - keeps cars alert 
INDUCTIVE LOOP TRANSCEIVER — remote 
control for models: 


MAY 87 

BRIGHT FUZZ -— Foot operated overdrive 
JUN 87 

AUDIO SIGNAL GENERATOR 


JUL 87 

WORD GENERATOR - 16-bit binary words 147 £13.42 
SCOPE STORE oscilloscope add-on data stora 148 £11.94 
SEP 87 

SPEECH PROCESSOR - clarifies speech 

GCSE TIMER UNIT- versatile variable delay 

AWD and switching 

FUNGEN - triple waveform signal generator 

LIGHT CONTROLLER — delayed switching 

OCT 87 

TEACHER LOCKER - digital lock control 

POWER SUPPLY - stabilised +15V 

GUITAR TO SYNTH - music interface 


NOV 87 | 
DUAL POWER SUPPLY- GCSE 
MIDI EXPANDER - Music Interface 


DEC 87 
RS 232C TO MIDI 
TEACHER RADIO-— GCSE 


JAN88 

EGG TIMER 162A-C £12.44 
LEGO BUGGY DRIVER 163 £6.42 
FEB 88 

TEACHER TALKBACK - GCSE 

DC MOTOR SERVO 

MAR88 

APPLIANCE TIMER 

TEACHER LIGHTSHOW-— GCSE 





OGIC ANALYSER - Double-sided 


THIS MONTH’S BOARDS 


APR 88 
LIGHT METAL EFFECTS 169 £7.10 


TEACHER COUNTER 170 = £4.95 
171 = £4.92 
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NICE AND EASY DOES IT 


B UILDING the projects published in PE is a lot easier 
than some of you perhaps might think. Especially 
when you use one of our professionally made printed 
circuit boards. 

It’s almost like painting by numbers. All the PCBs 
are fully drilled, and basically all you need to do is slot 
in the components and carefully solder them to the PCB © 
track pads. Their places are shown in the drawings 
published with the project. 


IDENTITIES 


Component identities are usually clearly marked on 
them. Even if they are colour coded, like some resistors 
and capacitors, their values are easily worked out from 
component colour code charts. From time to time we 
publish these charts, but if you don't already have one, 
send a Yin x 4in stamped and self-addressed envelope 
to the Editorial office asking for one. 


TOOLS 


For many projects you only need a few simple tools 
— Soldering iron between 15W and 25W, with a bevelled 
tip. Damp sponge for keeping the tip clean. Good 
multicore solder of 18swg or 22swg grade. Fine nose 
pliers for wire shaping. Adjustable spanner or heavy 
pliers for tightening nuts. Miniature screwdriver for 
adjusting preset controls. Small wire cutters for 
trimming component leads. Drill and selection of bits 
for drilling holes in boxes. Strong magnifying glass for 
checking joins in close up. It’s also preferable to have 
a multimeter for setting and checking voltages. There 
are some very good low cost ones available through 
many of our advertisers, but get one that is rated at a 
minimum of 20,000 ohms per volt. Many projects do 
not require you to have a meter, but if you are serious 
about electronics, you really should have one. 


ASSEMBLING THE PCB 


Authors will sometimes offer their own advice on the 
order of assembly, but as a general guide, it is usually 
easier to assemble parts in order of size. Start though 
with the integrated circuit sockets. Please use them 
where possible, they make life much easier than if you 
solder the ICs themselves — with sockets you can just 
lift out an IC if you want. 

Then insert and solder in order of resistors, diodes, 
presets, small capacitors, other capacitors, and finally 
transistors. Clip off the excess component leads after 
you have soldered them. Now use a magnifying glass, 
ideally one that you can hold to your eye, and take a 
good look at the joins, checking that they are satisfac- 
torily soldered, and that no solder has spread between 
the PCB tracks and other joins. Be really thorough with 
visual checking since errors like this are the most likely 
reason for a circuit not working first time. 
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SOLDERING 


Bring the tip of the iron into contact with the 
component lead and the PCB solder pad, then bring 
the end of the solder into contact with all three, feeding 
it in as it melts. Once sufficient solder has melted to 


fully surround the pad and the lead, remove the solder, 


and then the iron. Now allow the join to cool before 
touching it, otherwise the solder may set unsatisfactorily. 
If it does move, just reheat the join once more. 


WIRING 


Connecting the PCB to the various panel controls is 


the final assembly stage. Do this just as methodically. 


following the published wiring diagram. You can connect 
the wires to the PCB in one of three ways. The best is 
to insert terminal pins into the connecting holes on the 
PCB, and then solder wires direct to them. Or, pass the 
end of the wire through the PCB hole, soldering it on 
the other side. Alternatively, the wire can be carefully 
soldered direct to the PCB tracking. In all cases first 
strip the plastic covering off the wire, twist the strands 
together, and apply solder to them to keep them secure. 


TESTING 


Now you are ready to test and use the project as 
described by the author. Components can occasionally 
fail, but these days it is extremely uncommon, and if 
you have followed the instructions, been careful with 


your joins, and bought the parts from a good supplier, 


you will have the enormous satisfaction of having built 
an interesting and working unit. It really can be easy if 
you do it with care. 


CHOOSE ONE NOW! 


The PE PCB Service list shows all the PCBs directly 
available through PE (though some designers sell their 
own PCBs for their PE projects — see kit suppliers 
adverts). Look down the list and see which title takes 
your fancy — there must be at least one that will interest 
you! You will probably already have the relevant issue 
of PE, but even if you don't we can still help you. 


BACK ISSUES 


We can usually supply copies of back issues of PE up 
to three years old. [hese are £1.50 each including 
postage (£2.00 for overseas readers). If we no longer 
have the issue needed, we will be pleased to send a 
photocopy of the article for the project that you want 
to build. [hese are £1.00 each per issue, including 
postage (£1.50 to overseas readers). 


OBTAINING PARTS 


Some projects are available from advertising suppliers 
as complete kits. Where this is so, the source often will 
have been stated in the project text. If no supplier is 
quoted, contact the normal kit suppliers anyway — they 
might well have introduced a kit after publication. 
Otherwise, all the components listed in the text will be 
available from suppliers who specialise in individual 
components. : 

Occasionally a specific part may only be available 
from a particular supplier, if so the source will be given 
in the parts list. Otherwise there should be no difficulty 
in buying the parts. We have many good suppliers 
advertising in PE so have a look through their adverts 
— that’s why they’re there! Even though a part may not 
be listed in the adverts, a phone call or two should find 
a supplicr who will be pleased to help. Like us, they 
too are in the business of encouraging you to enjoy 
electronics! 
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MINIATURE 
PASSIVE 

INFRA-RED 
SENSOR RP33 


Plus VAT 


12 metres away. 
e 12 metre detection ra 


° 24 Detection zones. 
e Wide 85° coverage. 













pyroelectric sensor means that ch 
















Fully automatic siren 
re-set. 

Audible entry/exit wam 
Alarm Sounded m 


+ 24hr circuits. 


Easily installed, full 
instructions supplied. 







The latest control panel 


installations. Its advanced 


preventing incorrect operation. Using a simple ‘on/off’ 


a steel case, it is supplied with full operating instructions. 


Only £44.95 + vat 








£23.95 


Size only 80x60x40mm. Detects intruders up to 


® Size only 80x60x40mm. 


¢ Switchable LED indicator. 


This advanced new intrusion 
, detector operates by detecting 
the body heat of an intruder 
moving within the detection 
field. The use of a dual element 


in ambient temperatures are ignored, thus providing 

a Stable and reliable performance. Easily installed in a room 

or haltway, the unit will provide effective detection of any intrusion. 
Operating from a 12V supply and consuming only 15mA, it is ideal 
for use with the CA 1382, CA 1250 or any equivalent high quality 
contro! unit. Supplied with full instructions, its performance 
compares with detectors costing more than twice the price. 


CA 1382 ADVANCED CONTROL UNIT that’s 
simple to install and operate. 


emory. 
2 separate loop inputs 


Built-in electronic siren. 


provides effective and reliable 
control for all types of security 


circuitry checks the loop circuits .every time it is switched on, 
switch, it is easily operated by all members of the family. In 
addition it provides 24 hr. personal attack protection. Housed in 


Available in kit form with fully- 
built electronics, £39.95 + VAT. 





Modules 
Systems 


CA 1250 LOW COST 
ALARM CONTROL 
MODULE 


nge. 







This tried and tested control unit represents 
the finest value for money in control systems, 
providing the following features: 


® Built-in electronic siren drives 2 loud 
speakers @ Provides exit and entrance delays 
together with fixed alarm time ¢ Battery 
back-up with trickle charge facility 

© Operates with magnetic switches, pressure 
pads, ultrasonic or |.R. units ¢ Anti-tamper 
and panic facility ¢ Stabilised output voltage 
© 2 operating modes full alarm anti tamper 
and panic facility © Screw connections for 
ease of installation ¢ Separate relay contacts 
for external loads ¢ Test loop facility. 


Price £19.95 + var 
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HW 1250 - 

| ATTRACTIVE 

; HOUSING plus 

| HARDWARE FOR 
| CA 1250 

ate An attractive steel case designed 
to house the Control Unit CA 1250 
ether with the appropriate LED indicators and key 
switch (available separately). 

Supplied with the necessary pillars, fixings, and punched 
front panel, the unit is given a professional appearance 
by the adhesive silk screened label. 


Size: 200x180x700m1M. Qari £9.50 + VAT 










ing. 















%* Complete systems from 
£39.95 Full range of 
accessories stocked 
Write or tel for details 
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RISCOMP LIMITED. 
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DP 3570 LIGHTING CONTROLLER FL 500 

This versatile module QU ARTZ 
Saonre eae HALOGEN 
times between FLOOD 
the timed gard take LIG HT 


triggered by the opening “al 
or closing of anextemal _ 
loop or switch. The built-in 
12V 250mA power supply 
is available for operating external sensors. 
Suitable plastic enclosure £2.85 + VAT. 


Only £1 3.95 + VAT 


Whilst intended for security lighting 
applications, this unit is suitable for 
lighting patios, pathways and gardens etc. 
Supplied complete with 500W lamp, 
Protective grill, £1.95 + VAT. 


Only £14.95 + vat 



























IR 1470 - 50ft. INFRA-RED BEAM SYSTEM 


Consists of a separate transmitter & receiver, the system 
provides an invisible modulated beam which when broken 
operates the built-in relay. For use with security systems, but 
also ideal for photographic purposes and industrial 
applications. Size: 80x50x35mm. Only £25.61 + vaT 





US 5063 DIGITAL ULTRASONIC DETECTOR 
¢ 3 levels of discrimination against false alarms ¢ Crystal 
control for greater stability ¢ Adjustable range up to 25ft 
© Built-in delays ¢ 12V operation. 


ULTRASONIC MODULE 
ENCLOSURE 


HPP suitable steel enclosure for housir 
’ the US 5063 supplied with the 
necessary mounting pillars and fixing: 


Only £2.95 + vat 


acialist 


Mon to Fri 9-5) 
oysy-Yo Br-]| el: \Vaey-] ata 


This advanced 
module uses digital 
signal processing to provide the 
highest level of sensitivity whilst 
discriminating against potential 
false alarm conditions. 


Only £13.95 + vat 
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export add 10° 
|S | Tel: (084 44) 63 


PRATNE C 
BoA 
Grr tie k} 


Are you looking for a secure shore-based job which offers 
a rewarding career in the forefront of modern Tele- 
~~ communications technology... then consider 
joining GCHQ as a Trainee Radio Officer. 
"2 _ Training involves a 32 week residential 
course, (plus 6 weeks extra if you cannot 
touch type} after which you will be 
appointed RADIO OFFICER and undertake 
avariety of specialist duties covering the whole 
of the spectrum from DC to light. 
We offer you: Job Security Good 
Career prospects - Opportunities 
. for Overseas Service - Attractive 
_. Salaries - and much more. 
< Tobe eligible you must hold or hope 
~. to obtain an MRGC or HNC ina 
. Telecommunications subject with an 
ability to read Morse at 20 wom. 
(City and Guilds 7777 at advanced 
level incorporating morse ianacdioken would be advantageous}. Anyone 
with a PMG, MPT or 2 years relevant radio operating experience is also eligible. 
The Civil Service is an equal opportunity employer. 
Salaries: Starting pay for trainees is age pointed to 21 years. For those aged 21 
or over entry will be at £7,162. Atter Training an RO will start at £10,684 rising By 9 
annual increments to £15,753 inclusive of shift and weekend ors allowance. 


- a Write or telephone for an application 
OE 


form to:— 


THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108 
LGLHHILT | priors Road, CHELTENHAM, GLOS GL52 5A] 
OR TELEPHONE (0242) 232912/3 


HP17 9DB. Secu 
ORDER BY MAIL 


h OR TELEPHONE ____ 
































PRACTICAL ELECTRONICS APRIL 1988 























































* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY 


OVP POWER’ AMPLIFIER WL@ BLOT SRS) service * LARGE S.A-E. 28p STAMP FOR CURRENT L 
IMP POWER AMPLIFIER MODULES wowenjoys FY BURGLAR ALARM IDEAL for Work- 


vorid-wide reputation for quality, reliability and performance at a realistic price. Four models Better to be ‘Alarmed’ then terrified. shops, Factories, 
available to suit the needs of the professional and hobby market. 1.e., Industry, Leisure, Thandar’s famous ‘Minder’ Burglar Alarm System. Offices, Home, 
nstrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal Superior microwave principle. Supplied asthreeunits, gre Ss upplied 
,ower supply, Integral heat sink, Glass fibre P.C.B.. and Drive circuits to power compatible tee y interconnection cable. FULLY ready built. 
/u meter. Open and short circuit proof. Supplied ready built and tested. Caatenl nit 2 Hace Une Lacan OIE ranee 

OMP100 Mk II Bi-Polar Output power 110 up to 15 metres adjustable by sensitivity control. | 


Res- Three position, key operated facia switch — off — test 
viaslong Zhe ples eit ee rae 01%, — armed. 30 second exit and entry delay. 
PONS? ae é Ye sep eer Mean % Indoor alarm — Electronic swept freq. siren. 
S.N.R. —118dB, Sens. for Max. output 104dB output. 


500mvV at10K, Size 355 X 115 X 65mm. Outdoor Alarm — Electronic swept freq, siren. 98dB | 
PRICE £33.99 + £3.00 P&P. output. Housed in a tamper-proof heavy duty metal , 
a a case 

Both the control unit and outdoor alarm contain re- 
OMP/MF100 Mos-Fet Output POWEr 110 chargeable batteries which provide full protection 


watts R.M.S. into 4 ohms, Frequency Res- during mains failure. Power requirement 200/260 Volt 
ponse 1Hz - 100KHz —3dB, Damping Factor AC 50/60Hz. Expandable with door sensors, panic 
80, Slew Rate 45V/uS, T.H.D. Typical buttons etc Complete with instructions 

0.002%, Input Sensitivity 500mvV, S.N.R. SAVE £138.00 Usual Price £228 85 

—125dB. Size 300 X 123 X 60mm. PRICE BKE’s PRICE £89.99 + £4.00 P&P 
PRICE £39.99 + £3.00 P&P. ? Why buy a collection of self-assembly boards! 


RL POLAR ST SRNL TEAL LE LS LITT, ELIE, IO PET AR RIY FEIT, - 

OMP/MF200 Mos-Fet Output power 200 

watts RMS. into 4 ohms, Frequency Res- OMP LINN ET LOU DSPEAKERS 
ponse 1Hz - 10O0KHz —3dB, Damping Factor The very best in quality and value. Made specially to suit todays 
250, Slew Rate 50V/uS, T.H.D. Typical need for compactness with high sound output levels. Finished in 


fe) eee m NR. hard wearing black vynide with protective corners, grille and carry 
ae Niacciples gig t hi gyi tied handle. All models 8 ohms. Full range 45Hz - 2OKHz. Size 20” x 
ai 15” x 12”. Watts R.M-S. per cabinet. Sensitivity 1W. 1mtr. dB. 


PRICE £62.99 + £3.50 P&P. : 
LS OMP 12-100 Watts 100dB. Price £149.99 
OMP/MF300 Mos-Fet Output power 300 per pair. 


reel Ar bencer sath Oaks END agty ad Nea OMP 12-200 Watts 102dB. Price £199.99 
ponse 1Hz - 100KHz —3dB, Damping Factor er pair Delivery: Securicor £8.00 per pair 
350, Slew Rate 60V/uS, T.H.D. Typical per paltr. 


0.0008%, Input Sensitivity 500mV, S.N_R. 


—130dB, Size 330 x 147 x 102mm. PRICE @)2319” STEREO RACK AMPS 1 K-WATT 
PRICE £79.99 + £4.50 P&P. ee . SLIDE DIMMER 


Sg RNS ERT LMR TS IT * Control loads up 

‘OTE: Mos-Fets are supplied as standard (100KHz bandwidth & Input Sensitivity 5|00mV). If required, to 1Kw 
A. version (50KHz bandwidth & Input Sensitivity 775mV). Order — Standard or P.A ns near ais 

yk Pa ‘s /2 
* Easy snap tn fix- 
ing through panel 
cabinet cut out 
* Insulated plastic 
case 
* Full wave con- 
trol using 8 amp 
triac 
x Conforms to 








Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L.—.D. diodes (7 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits for very fast rise and decay times. Tough moulded plastic 
case, with tinted acrylic front. Size 84 x 27 » 45mm 


PRICE £8.50 + 50p P&P. ‘Professional 19” cased Mos-Fet stereo 


amps. Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 
” " * toroidal power supplies, XLR connections. BS800 
Be ask eck, sciie celocien Gf Whneee MF600 Fan cooled. Three models (Ratings * Suitable ‘ot both resist 
: : . Aput Sensitiv m n ndin tive loads. In- 
oudspeakers available including Cabinet Plans. Large R.M.S. into 4ohms). input Sensitivity 77on¥ a ic 


"AE. (28p) for free details. MF200 (100 + 100)W. £169.00 Securicor Be ee home. and 
OWER RANGE 


MF400 (200 + 200)W. £228.85 Delivery disco’s, theatres etc 
~ 50 WATT R.M.S, Hi-Fi/ Disco. MF600 (300 + 300)W. £322.00 £10.00 @ price £13.99 + 75p P&P 


O oz. magnet. 11," ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40Hz Freq. Resp. to 
KHz. Sens. 92dB. PRICE£10 99Available with black grille £11.99 P&P £1.50 ea 


2" 100 WATT R.M.S. Hi-Fi/Disco 
O oz magnet. 2” ally voice coil. Ground ally fixing escutcheon. Die-cast chassis White cone. Res BSR P295 ELECTRONIC TURNTABLE 








req * Electronic speed control 45 & 33';r.p.m. * Plus 
5Hz. Freq. Resp to 4KHz. Sens 95dB. PRICE £2860 - £3.00 P&P ea Minus variable pitch control * Belt driven * Alu- 
minium platter with strobed rim * Cue lever * Ant 
IcKENZIE skate (bias device) * Adjustable counter balance * 
2” 85 WATT R.M.S. C1285GP Lead Guitar/Keyboard/Disco. Manual arm * Standard 1," cartrige fixings * 
” ally voice coil. fy ety dome. Res. Freq. 45Hz. Freq. Resp. to 6-5KHz. Sens. 98aB. Supplied complete with cut out template * D.C. 
RICE £29.99 + £3.00 P&P ea. Operation9-14v D.C. 65mA 
2” 85 WATT R.M.S. C1285TC P.A./Disco 2” ally voice coil. Twin cone. Price £36.99 — £3.00 P&P. 


os : 
wn NT 


es. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £31.49 + £3.00 P&P ea. 
5” 150 WATT R.M.S. C15 Bass Guitar/Disco. 

” ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to 4KHz. PRICE £57.87 + £4.00 P&P ea. 
0” 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A. 


ADC Q4 mag. cartridge for above. Price £4.99 ea. P&P 50p 


” voice coil. Res. Freq. 75Hz. tes Resp. to 7-5KHz. Sens. 99dB. PRICE £19.99 + £2.00 P&P. PIEZO ELECTRIC TWEETERS MOTOROLA 

0” 200 WATT R.M.S. C10200GP Guitar/Keyboard/Disco. Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an 
” voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £44.76 + £3.00 P&P. improved transient response with a lower distortion level than ordinary dynamic tweeters. As a 
5” 200 WATT R.M.S. C15200 High Power Bass. crossover is not required these units can be added to existing speaker systems of up to 100 watts 
es. Freq. 40Hz. Freq. Resp. to 5KHz. Sens. 101dB. PRICE £62.41 + £4.00 P&P. (more if 2 put in series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER. 
5” 400 WATT R.M.S. C15400 High Power Bass. TYPE ‘A’ (KSN2036A) 3” h 

es. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £89.52 + £4.00 P&P. ( ) 3" round with protective wire 


mesh, ideal for bookshelf and medium sized Hi-fi! 
speakers. Price £4.90 each + 40p P&P. 

TYPE ‘B’ (KSN1005A) 31,” super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£5.99 each + 40p P&P 

TYPE ‘C’ (KSN6016A) 2” x 5” wide dispersion 
horn. For quality Hi-fi systems and quality discos etc 
Price £6.99 each + 40p P&P 

TYPE ‘D’ (KSN1025A) 2” x 6” wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £9.99 each 
t 40p P&P 

TYPE ‘E’ (KSN1038A) 3%," horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi monitor 
systems etc. Price £5.99 each + 40p P&P 


PE AACE TS EIT IE AE RITE SAO LTD NS TE A ST SE TL EN Ie SO NE 7 EAT ee RE 
/EM 
” 70 WATT R.M.S. Multiple Array Disco etc. 
” voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £22.00 + £1.50 P&P. ea. 
”150 WATT R.M.S. Multiple Array Disco etc. 

” voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £32.00 + £1.50 P&P ea. 
0” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 

+” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £36.00 + £2.00 P&P ea. 
be 300 WATT R.M.S. Disco/Sound re-enforcement etc. 

4” voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £47.00 + £3.00 P&P ea. 

EASE ADTRAN FRE IIE ATER IRAE AAS EIN CEE STA AE METIS TELM EPI TAD RIG PLOY OT AR POE BE I OL BD TI A EL PO RE) 


OUNDLAB (Full Range Twin Cone) 

“60 WATT R.M.S. Hi-Fi/ Multiple Array Disco etc. 
” voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea 
¥"" 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 
“voice coil Res. Freq. 56Hz. Freq. Resp. to 2OKHz. Sens. 89dB. PRICE £10.99: £1.50 P&P ea 
“60 WATT R.M:.S. Hi-Fi/ Multiple Array Disco etc. 
¥," voice coil. Res. Freq 38Hz. Freq. Resp. to 20KHz. Sens 89dB PRICE £12.99 + £1.50 P&P ea LEVEL CONTROL Combines on a recessed mount- 


) 60 WATT R.M.S. Hi-Fi/ Disco etc. ing plate, level control and cabinet input jack socket 
/," voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2.00 P&P 85 = 85 mm. Price £3.99 + 40p P&P 





SOQ QNOOMOMMNOMMMMM 


3 HOBBY KITS. Proven designs including glass .. s\ymmy STEREO DISCO MIXER ‘SESS 
fibre printed circuit board and high quality (QRe-@ss QU. 
“components complete with instructions. Ne “ STEREO DISCO MIXER with 2 x 5 bandL. & 

FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive . R. graphic equalisers and twin 10 segment 

microphone. Range 100/300 metres. 57 x 46 x 14mm (9 volt) AR . L.E.D. Vu Meters. Many outstanding features 

Price: £8.62 + 75p P&P. = Py 5 Inputs with individual faders providing a 

3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controtied Coe, useful combination of the following: — 

professional performance. Range up to 3 miles 35 x 84 x 12mm See > [urntables (Mag), 3 Mics, 4 Line plus Mic & 

(12 volt) Price: £14.49+ 75p PEP. So with talk over switch. Headphone Monitor 

SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ x Ng Pan Pot. b. & R. Master Output controls. Out- 


RECEIVER 27Mhkz. Range up to 500 metres. Double coded modulation. AYR NB put 775mvV. Size 360 « 280 x 90mm \ 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for “EXC ik Price £134.99 — £3.00 P&P 
many applications. Receiver 90 x 70 x 22mm (9/12 vol). Price: 


* 
£17.82 Transmitter 80 x 50 x 15mm (9/12 volt). Price: £11.29 ome 
P&P + 75p each. S.A.E. for complete list. 3 watt FM 
Transmitter ~ a Byeyeyt PE 


wee), POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL Access 


VISA BODIES, ETC PRICESINCLUSIVE OF V.AT SALES COUNTER [>-),_ © [iA——AA An cihis ied Ah\n Clie Bal detiea achat 
ESSEX. SS2 6TR TEL: 0702-527572 


N 






——— VISA/ACCESS/C.0.D. ACCEPTED. 
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Comprehensive 





. 
e 2 With transistor, 
a diode and 
Te LED tester, 
Fe wos) s1995 
“Gee £16.95 
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=e 116 
WG Lense veo | 
sei ececseeress . eee | @ @ 
Professional. Bins Versatile | Hobby _— 
Has all the ngs acct Wider tong - Measurestemperature Ideal for Bee Pocket 
YOK £495 ~— Wihbotteryteste. ——-ndcanacionce, «Yio S09 «—«=«s‘Rugged,generalpurpose. 
EE Guritie: of ppeiiieee DS Pies edd 
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plus ORDER NOW AND GET A CARRYING CASE WITH YOUR METER aggro UP TO £3.95) 
ELECTRONICS Pick up a copy of our 1988 catalogue Aapli 


from any branch of WHSMITH for just 





P.O. Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161. £1.60. Or to receive your copy by post 

Shops at: Birmingham. Sutton New Road, Erdington. Tel: 021 384 8411. send £1.60 + 40p p&p to our P.O. Box We’re passing 
Bristol. 302 Gloucester Road. Tel: 0272 232014. address. If you live outside the U.K. cs bar sasaaun 
London. 159-161 King Street, Hammersmith W6. Tel: 01 748 0926. please send £2.75 or 12 International —? 
Manchester. 8 Oxford Road. Tel: 061 236 0281. Reply Coupons. rate saving 


Southampton. 46-48 Bevois Valley Road. Tel: 0703 225831. to you! 


Southend-on-Sea. 282-284 London Road, Westcliff-on-Sea, Essex. Tel: 0702 554000. 
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SETTING THE 
STANDARD 


PHOTOGRAPHIC TRIGGER UNIT 
NOISE REDUCTION SYSTEM 


BYTEBOX UPDATE 





HOBBY BUS’STANDARD 


4E MAGAZINE WITH PROJECTS FOR ALL HOME MICROS 


















P.E. PROJECT KITS 


Full kits include pcb’s, hardware, cases (unless 
stated otherwise), IC sockets, wire, nuts & bolts. 
Article reprints extra 70p each. 

THIS MONTH'S KITS - S.A.E. OR COMMODORE USER PORT EXPANDER bey ss 
PHONE FOR PRICES MODEL RAILWAY TRACK CONTROL Nov es 


































LOGIC PROBE Feb 86 £13.48 “SQUINT’ ROBOT EYES Nov 85 £8.68 
COMPUTER MOVEMENT DETECTOR Feb 86 TOUCH CONTROL PSU Oct 85 £28.38 and how t 
MODULATED SYNDRUM Oct 85 : 


£16.60 8 
SPECTRUM SPEECH SYNTH & 8-BIT yo Font GENERAL PURPOSE ROBOT hina My 
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DIGITAL CAPACITANCE 
METER 


A superb instrument with a five digit 0.5 inch LED 
—— direct readout of pF, nF and uF from 1pF 
to 1,000uF. 

Exceptionally easy to use. A crystal timebase 
eliminates setting up procedures. 

Ideal for schools, labs, and industry as well as 
electronics enthusiasts from beginners to experts. 
Complete kit - including PCB, case, all components 
and hardware, £35.98. Reprints of article 70p. 


HIGH PERFORMANCE 
STEPPING MOTOR DRIVER 


As featured in December issue 
Kit including PCB, 1.C. & All Parts £20.98 
Transtormer 30V 18VA £5.98 extra 
Case (houses PCB only) £2.95 extra 
Lead & Connector for BBC Computer £1.98 
Motor - ID35 £14.50 
TEA1012 also available separately £6.88. Data £1.00 


STEPPER MOTOR 






AMSTRAD SYNTHESISER INTERFACE May 8 


CYLINDER THERMOSTAT May 85 £21.77 
BBC POWER CONTROL INTERFACE Apr 85 


GUITAR ACTIVE TONE CONTROL less case Sant : 


PROGRAM CONDITIONER June 83 £18.67 
AUTO TEST SET a 83 £34.62 
WIPER DELAY Apr 83 less relay £8.24 
BATTERY TESTER Apr 83 £13.25 
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DC MOTOR SETS 
MOTOR — GEARBUX ASSEMBLIES 1.5V-4.5V. 
reduction ratios. Long 3mm dia output shafts. 


Small unit — type MGS (3-2200rpm) 
Large unit — type MGL (2-1150rpm) 














PULLEY WHEELS — metal 3mm bore 
10mm dia 
20mm dia 


30mm 

METAL COLLAR with screw — 3mm bore 
FLEXIBLE SPRING COUPLING 3mm L31mm 
FLEXIBLE METAL COUPLING 3mm 
FISCHERTECHNIK DC MOTOR SETS 
SMALL TYPE 187 

LARGE TYPE 185 

DC MOTOR 1.5V-4.5V RPM 4,400-8,700 
Shaft dia 2mm L10mm. Body 29x38mm 
DC MOTOR TYPE — DC28 


FLEXIBLE STEEL SPRING DRIVING BELT 




















BBC TO 1D35 STEPPER MOTOR INTERFACE KIT £13.99 PCB, 
driver IC, components, connectors and leads included. Demonstration 
software, listings, circuit diagram, pcb layout and construction details 
given. Requires unregulated 12Vdc power supply. 

INTERFACE KIT (ref PE) £13.99. 

OPTIONAL POWER SUPPLY PARTS £4.67. 
1D35 STEPPER MOTOR 48 Steps. 12V £14.50. 









needed. 


BBC HEART RATE 


YY BBC Heart Rate Monitor— 
Ready Built £35.99 
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instructions — ready to plug in and use. 


MICROPROCESSOR TRAINER 
AND SINGLE BOARD COMPUTER 


A new single board training and evaluation system for the 16-bit 68000 Series 
Microprocessor. A standard working system in kit form costs just £99.00 including 
VAT. Programs are developed and written with the aid of an on-board monitor 
program. The system is programmed and run via an RS232 link from either a standard 
terminal or a BBC Computer programmed to act as a terminal (we can supply the 
necessary software). Optional extras include a line by line assembler, a peripheral |/O 
port and timer, and a G64 bus interface. Full sets of technical literature, programming 
information and manufacturers’ data sheets are available to accompany the system. 


AVAILABLE FROM STOCK NOW 
PHONE OR WRITE FOR FULL DETAILS REF PE6 


68705 MICROCONTROLLER 68000 COMPONENTS 


TRAINER 68000 P8 £21.20 
A stand-alone unit with hexadecimal keyboard and 9-digit 68230 P8 £6.99 
seven-segment display. Uses a control oriented 68705 68681 £9.60 
microprocessor with a comprehensive monitor system. A 64 pin I.C. socket 98p 
bank of 8 LEDs and switches allows 1/0 control programs 6116 (250n) £1.99 
to be run before connecting to ‘real’ external circuits. An 6264 (250n) £3.99 
A/D-D/A board is also available along with full support 27128 EPROM £3.88 
literature. An excellent introduction to machine code MC1488 56 

programming right down to ‘bit’ level. Used in many p 
educational establishments. A complete system costs MC1489 59p 


under £50. 
All in stock — Phone or write for details Ref PEG 


SOO bb bb bt bt bbb bt bt bt bt bt ot 





EDUCATIONAL SETS 
FUN WITH 
ELECTRONICS 


Enjoyable introduction to electronics. Full of very clear 
full colour pictures and easy to 
beginners — children and adults. — basic tools 
needed. 64 full colour pages cover all aspects — 
soldering — per . — components (identification 


Also full details of how to build 6 projects — burglar 
alarm, radio, games, etc. Requires soldering — 4 pages 
clearly show you how 


Jan 86 e powers board bathe 85 you how. 
HIGH PERFORMANCE STEPPING MOTOR DRIVER 7 TO CENTRONICS CONVERTER COONENTS SUPPLIED ALLOW ALL ADVE NTU RE Ss 
EXTRAS: Transformer £5.98, Case £2.95 PP soy : CAR BOOT ALARM Sept 85 £11.72 | Supplied less cases. 
wn £198, Motor 1035 £1460 COMPUTER ENVELOPE SHAPER Aug 85 £22.19 FUN WITH ELECTRONICS, WITH 
sade acct VOLTMETER MEMORY ADAPTOR Jy 85 £1088 | CouponENT PACK £168 
in A i 
SYNTHESISER INTERFACE FOR COM 64 Jun 85 BOOK EXTRA £1.75. ELECTRONICS 


Book available separately. 








LOGIC TUTOR 


specifically designed test bed for the practical side of 
he 8-part educational series ‘Introduction to Digital 
Electronics’ Practical Electronics Oct 83-May 84. Full 
kit includes screen printed pcb, power supply, connector 
strips and turned pin sockets (less case). 


34.98 
REPRINTS EXTRA 70p EACH 


Miniature precision made. Complete with quality electric motors. Variable 









Pp 
12” long. Joins to itself or 2 or more can be joined where long lengths are 


v 





Practise relaxation or monitor fitness with this plug-in heart rate monitor. 
Connects directly to the BBC computer. Programs give continuous heart 
rate displays, bar charts, graphs etc. Supplied with sensor, software & 
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KKK KKK KKK KKK KKK 





FoI I I II KI IK IK IKK KKK KKK KKK 


MAGENTA 







follow text. Ideal for all 





























An easy to follow book suitable for all ages. 
Ideal for beginners. No soldering, uses an S- 
Dec Breadboard. Gives clear instructions 
with lots of pictures. 16 projects — including 
three radios, siren, metronome, organ, inter- 
com, timer, etc. Helps you learn about elec- 
tronic components and how circuits work. 
Component pack includes an S-Dec bread- 
board and all the components for the 
projects. 

Adventures with Electronics £3.58. Compo- 
nent pack £20.98 less battery. 


We offer a range of the superb Fischertechnik sets. These 
cover robotics, electronics, electromechanics, motors and 
gears, and basic construction. 

Robotics kit builds 11 different working models including a 
robot arm, graphics board, sorting system etc. Note that not 
all the models can be built at the same time. Simple to 
assemble. Easily combined with all other Fischertechnik kits. 
Top quality. Includes 2 motors, an electromagnet, lamps, 
potentiometers, switches etc. 

ROBOTICS Kit (554) PE £68.99 
Construction/base kit (ut1) £37.50 




































































£3.49 
£3.98 



































£1.75 | Motors and Gears (ut2) £42.70 
£1.84 | Use ut2 to motorise ut! 
£1.99 | Electromechanics (ut3) £73.20 
a Electronics (ut4) £93.90 
£2.9 
BBC — ROBOTICS 
ripe INTERFACE 


A READY TO USE INTERFACE for the BBC computer and the 
Fischertechnik Computing and Robotics Kit (554). 

Allows the BBC computer to operate all 11 of the standard 
models which can be built from the Fischertechnik Robotics 
kit. 

The interface features forward, reverse and on/off control of 
four DC motors; on/off control output for driving an 
electromagnet or similar device; and eight switch inputs for 
reading microswitches or other binary inputs. 

Two independent analogue input channels are provided for 
position sensing. 

Supplied complete with connectors and leads the interface 
requires a power source of 9-12 volts at 1A. 

Detailed programming information is supplied with the 
interface. A software disc with a comprehensive set of 
programs is also included. 

FISCHERTECHNIK ROBOTICS — BBC COMPUTER 
INTERFACE (BUILT) (PE f 


CATALOGUE 


Brief details of each kit, book contents, and illustrations and 
descriptions of our range of tools and components are all 
included. 

Robotics and Computing section included. 

Our advert shows just a selection of our products. 

Up to date price list enclosed. Official orders welcome. 
Catalogue & Price List — Send £1 in stamps etc or add £1 
to your order. 

Price list only 9x4 SAE. 

Catalogue free to schools/colleges requested on official 
letterhead. 


HOW TO ORDER 


MAGENTA ELECTRONICS LTD. 
PE6, 135 HUNTER ST., 
BURTON-ON-TRENT 

STAFFS, DE14 2ST. 

MAIL ORDER ONLY. 

0283 65435, Mon-Fri 9-5. 

ADD 60P P&P TO ALL ORDERS. 


£1.98 
47 






















































AE ALL ENQUIRIES. 
OFFICIAL ORDERS WELCOME. 
OUR PRICES INCLUDE VAT 
Access/Barclaycard (Visa) by SA 


~— or post. 
4 hr Answerphone for credit card orders. 


OVERSEAS: Payment must be sterling. 
IRISH REPUBLIC. and BFPO: UK PRICES. | | 
EUROPE: UK PRICES plus 10%. yy. 

ELSEWHERE: write for quote. 
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CONSTRUCTIONAL PROJECTS 


SOUND SWITCH by R. A. Penfold 10 PHOTOGRAPHIC TRIGGER UNIT byR.E.Head 32 
A useful audio add-on incorporating a CCD delay line Flexible aid for photographers—sound or light 
triggered for automatic flash or motor-wind 


STEbus POWER SUPPLY by Fariba Sanieenejad 20 


An IEEE1000 compatible PSU with additional 
SCRATCH AND RUMBLE FILTER by D. Stone 50 
features such as variable output for EPROM Stereo noise reduction system 


programming 


TEMPERATURE/ANALOGUE INTERFACE 28 BYTEBOX MODIFICATIONS by J. R. Kelly and 26 
by R. A. Penfold Ray Stuart 

Amstrad or Spectrum analogue port designed for Further ideas for the sideways—ROM project and 

accurate temperature measuring applications battery-backed RAM 


NEWS AND REVIEWS 


NEWS AND MARKET PLACE a BOOK REVIEWS 7,23 
What's new, what's happening and what’s coming in A selection of the latest releases 
the electronics world 


READERS’ LETTERS 7 NEWS LATEST 57 
What you say and what you think Last minute news items 
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BBC MICRO FORUM by Ray Stuart 23 ROBOTICS REVIEW by Nigel Clark 46 
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WHAT'S NEW... 


Surfboards Aid Surface- 
mount Prototyping 


lobal Specialties has 
introduced a completely 
new concept for building 
prototype circuits using 
surface-mount chips. 

With Global’s Surfboard the 
designer places a plastic leaded 
chip carrier (PLCC) into a chip 
carrier socket and has instant 
breadboarding access to the 
electronics in the chip, without 
soldering or permanent 
connections. 

The Surfboard provides a 
numbered breadboarding tie- 
point for each lead on a chip 
carrier. Connection of a 
particular lead is achieved by 
inserting standard 22-gauge 
hook-up wire into the 
corresponding tie-point. 

The Surfboard chip carrier 
socket is fabricated in 
phosphor bronze with tin- 
plated contacts. It accepts a 
JEDEC type A PLCC and is 
polarised for easy registration. 
Stand-offs are provided for 
heat dissipation. 

The breadboard has 
replaceable nickel silver 
contacts and accepts 
components which have up to 

0-033 in. leads. Three 
Surfboard models are available 
which accommodate 44, 68 and 
84-pin PLCCs. 

Details from: Global _ 
Specialties Corporation (UK) 
Ltd, Shire Hill Industrial 
Estate, Saffron Walden, Essex 
CB11 3AQ. 
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Intelligent Digital 
Multimeter 


he new intelligent 

multimeter from M.S. 
Components features a wide 
range of computing and 
automatic data storage 
functions. 

Microprocessor-controlled, it 

displays both direct readings 
- and computed functions on a 
clear 55-digit l.e.d. display with 
a resolution of + luV or InA. 
A total of 28 ranges are 
available. 


Computed functions are 
keyed in via a built-in keypad 
and include ground reference 
shift, percentage deviation, 
limit comparison and many 
other functions. An integral 


— logging memory, with 


programmable timing, has a 
capacity of 100 readings and an 
optional RS232 serial interface 
is available for data output. 
Details from: M.S. 
Components Ltd, Zephyr 
House, Waring Street, West 
Norwood, London SE27 9LH. 





Digital R.C.C.B. Trip Tester 


MK announce the 

availability of model TEM 
1400B, a new digital R.C.C.B. 
Trip Tester complying with the 
15th Edition of the IEE Wiring 
Regulations. TEM 1400B is 
designed to make quick, safe 
and accurate measurements of 
the trip time of residual current 
circuit breakers at various 
required levels of fault current, 
a test that has become 
increasingly important. 

This new 35 digit I.c.d. 
instrument is easy to operate, 
hand held and battery 
operated, with bright l.e.d. 
indication of P-E and P-N. 
Trip times are measured from 0 
to 200ms with a I ms resolution 
to a +5msec accuracy and trip 
times can be held for up to 40s 
until the push button is 
released. 

The TMK, TEM 1400B is 
compact, rugged, reliable and is 
fully guaranteed, measures 142 
x 62 x 34mm, weighs approx. 
250gms and comes complete 
with a mains test lead, battery, 
operating instructions and 
carrying case. 

Details from: Harris 
Electronics (London), 138 
Grays Inn Road, London 
WCIX 8AX. 


Quad 306 Power Amplifier 


UAD, in the guise of the 

Acoustical Manufacturing 
Company, was founded in 
1936. It is fitting that their first 
news in their 50th anniversary 
year, is the announcement of a 
new power amplifier. 

The QUAD 306 is designed 
to provide the most accurate 
and realistic music production 
in high quality domestic 
systems. Power output is more 
than adequate for the vast 
majority of systems (70 watts 
into 8 ohms on music 
programme). 

The QUAD 306 uses a 
refined and developed version 
of the feed forward error 


correction circuit which QUAD 


patented in 1975 and 
nicknamed “Current 
Dumping’. Some of the more 
obvious features of the QUAD 


306 are separate power supplies 


for each channel, derived from 
separate secondary windings on 
a common toroidal 
transformer, and absence of 
fuses or relays in the signal 
path, and a signal- 
to-noise ratio of 110dB. It is 
fully protected against damage, 
accidental or otherwise. 
Details from: QUAD 
Electroacoustics Ltd, 
Huntingdon, Cambs PE18 
7DB. 





50MHz Oscilloscope With 
Digital Display 


lectronic Brokers has 
recently introduced the 

Grundig MO-53 50MHz dual- 
channel oscilloscope to the UK 
market. The new oscilloscope 
includes many features 
designed to make it easy to use 
in areas suchas R & D, 
production, service and 
education. 

A major new feature 
included in the MO-53 is 
automatic timebase selection. 
Depending on the frequency of 
the test signal, the timebase is 
selected automatically and 





displayed digitally, so that the 
user has no need to search to 
find the correct range. 

For video testing 
applications, the MO-53 has a 
field and line selector, allowing 
the defined selection of the 
field 1 or field 2 to take place 
automatically. Triggering 
occurs approximately ten lines 
ahead of field re-start. 

Other features of the MO-53 
include the full —3dB 
bandwidth of SOMHz being 
maintained at the smallest 
deflection factor of 2mV/cm, 
and the facility for inverting 
both Y-channels to ensure true 
displays of X/Y characteristic 
curves. 

Full service and support for 
the Grundig instrument range 
is provided in the UK by 
Electronic Brokers. 

Details from: Electronic 
Brokers Limited, 140-146 
Camden Street, London NW1 
OPB. | 
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WHAT’S TO COME... 


Programmable plug from 
Aries Electronics 


A new 7 pin programmable 
plug is now available from 
Aries Electronics. Capable of 
being programmed up to 
thousands of variations, the 
device features an extra long 
handle for ease of insertion 
when working with densely 
populated p.c. boards. 

The plug allows the 
development of individual 
programs which can be 
indentified by simply 
numbering the outer shell. To 
give even greater variation in 
programming any number of 
pins can be accommodated 
while polarising pins on any 
spacing or other variables are 
possible. 

Details from: Aries 
Electronics (Europe), Alfred 
House, 127 Oatlands Drive, 
Weybridge, Surrey KT 13 9LB. 





EPROM Fraser from GP 
Industrial Electronics 


N EPROM eraser—which is 
capable of erasing up to 14 
EPROMs simultaneously by 
exposing them to short-wave, 
ultra-violet radiation — is now 





available from GP Industrial 
Electronics. 

Called the MODEL 141 
EPROM ERASER, the device 
incorporates an electronic 
timer adjustable from 5 to 50 
minutes in discrete steps. This 
provides a very useful “‘set and 
forget” facility which prevents 
accidental over-exposure which 
can shorten an EPROM life. 

The 141 also features an 
easy-to-use slide-in tray for the 
loading of EPROMs, and panel 
indication to show when the 
device is in use. It is available 
for around £88. 

Details from: GP Industrial 
Electronics, Unit E, Huxley 
Close, Newham Industrial 
Estate, Plymouth. 





Home-Base CB Power 
Supply from a Kit 


B radio enthusiasts can 

power their mobile radio 
units from the mains with a 
new high quality power supply 
kit from Electronic and 
Computer Workshop Ltd. 
(ECW). 

The kit, the K2556, is 
designed primarily for home- 
based applications, providing a 
regulated d.c. output— 

- nominally 12 volts—but 
adjustable from 11 to 13-5 volts 
d.c. Maximum current rating is 
3-5 amps. 

All the necessary items are 
supplied with the kit, including 
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a high quality p.c.b., all 
electronic and mechanical 
components. Instructions are 
included to make assembly and 
testing very simple. 

Full overload protection is 


included with an overload l.e.d. 


Although designed for CB 
applications, the performance 
of the K2556 makes it suitable 
for a wide range of amateur 
radio and laboratory 
applications. 

ECW can supply the kit ata 
price of £30.87 including p&p 
and VAT. 

Details from: Electronic and 
Computer Workshop Ltd, 171 
Broomfield Road, Chelmsford, 
Essex CM1 IRY. 













POINTS 
ARISING... 


There are no points arising from articles published in 
the March issue of Practical Electronics, but we have 
a Bytebox Update on page 26. Bytebox was published 
in Practical Electronics, October and November, 

1985. 


COUNTDOWN 


Events, diary dates and 
forthcoming attractions 


Practical Electronics gives you the dates that mat- 
ter. We hope to expand the countdown page to bring 
news of more regional events as we appreciate that 
many readers have difficulties getting to the larger 
shows based mainly in London or Birmingham. 

If you are organising any electrical, computing, 
electronic, radio or scientific event, big or small, drop 
us a line. We shall be glad to include it here. Address 
details to Countdown, Practical Electronics, 16 Gar- 
way Road, London W2 4NH. 

NOTE: some exhibitions detailed here are trade only. 
Please check details and dates before setting out, as we 
cannot guarantee the accuracy of the information 
presented here. 












































Amstrad Computer Show May 31-June |. Novotel, Hammer- 
smith. K 

Atari Computer Show Mar. 7-9. Novotel, Hammersmith. K 
Electro-Optics/ Laser International Mar. 18-20. Metropole, 
Brighton. B. 

Robotics and Automated Systems Mar. 25/26. Imperial 
College. L. 

CAD ’86 Apr. 8-10. Metropole, Brighton. J 

Internepcon Production Show Apr. 8-10. NEC, Birmingham. 
B 

British Electronics Week Apr. 29-May 1, Olympia. M 

East Suffolk Wireless Revival May 25. Civil Service Sports- 
ground, Ipswich. C 

SCOTELEX ’86 June 3-5, Royal Highland Showground, 
Edinburgh. D | 
Software ’86/Business Computer ’86 June 3-5. Earls Court. E 
Amateur Electronics Exhibition July 12-20. Esplanade, 
Penarth. A ey 


A B.A.E.C. @ 0222 707813 
B Cahners @ 01-891 5051 
C Ipswich Radio Club @ 0473 44047 

D Institution of Electronics @ 0706 43661 
E Reed Exhibitions @ 01-643 8040 

F ASCE Ltd. @ 06268 67633 

G Electrex Ltd. @ 0483 222888 

H Online @ 01-868 4466 

I Trident Int. Ex. Ltd. @ 0822 4671 

J Butterworth Scientific Ltd. @ 0483 31261 
K Database @ 061-456 8383 

L Imperial College @ 01-589 5111 

M Evan Steadman @ 0799 26699 
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WHAT'S HAPPENING... 


RECOGNITION 
AT LAST 


pet report in the Sunday Times 
suggests that engineers and 
technologists will, at last, be recognised as 
important contributors to the management 
of major organisations. In the past, 
managers have come, primarily, from 
financial backgrounds and more recently 
from marketing, However, especially in 
America, in the 1990’s the information 
technology specialists will have become the 
dominant group among the executives 
running major organisations. 

Also, companies will be looking for the 
entrepreneurial spirit and the ability of its 
employees to diversify. 





COMPUTER 
ALIEN 
REPELLENT 


G RiD Compass portable computers, 
already used by NASA on board 
numerous space shuttle missions are to be 
used to ward off alien invaders in outer 
space. 

The computers are not the latest piece of 
hardware to be deployed in the current US 
Star Wars technology, but are to play a part 
in “ALIENS’”’, the follow up to Twentieth 
Century Fox’s classic 1979 work of science 
fiction, ““ALIEN”’. 

Twentieth Century Fox set designers got 
in touch with GRiD Systems in Reigate 
after they had read about the GRiD 
portable being used in the NASA space 
shuttle programme. 

On the subject of space, the next 
Amateur Radio satellite in the Phase-3 
series is nearing completion as teams in 
Marburg, West Germany and the United 
States close in on important milestones 
leading to an anticipated August, 1986 
launch. Plans call for a launch aboard an 
Ariane 4 this August, however, a set-back 
in the Ariane V16 launch from January to 
February may push the actual launch of 
Phase-3C into September. 





AN EYE FOR 
PERFECTION 


C OMPUTERS can now think fairly 
‘straight’, make decisions, listen and 
speak. In fact, there isn’t much they can’t 
do. 

They are constantly being improved, in 
an effort to emulate human senses and 
responses, but are still essentially blind. 
There has been a great deal of research into 
visual recognition but with relatively poor 
results. 


“Human vision is 
hindered by 
subjectiveness of 
Judgments” 





However, whilst being unable to match 
‘the human eye in being able to perceive 
and identify many and varied aspects, they 
can in some cases offer certain 
improvements over human sight. Battelle, 
a US concern, in conjunction with a range 
of interested companies is to conduct a 
study of automated visual inspection 
systems particularly connected with 
manufacturing industry. Recent 
developments in sensor technology, 
electronic image processing, pattern 
recognition and computer technology is 
leading the way for further improvements 
in automated visual inspection. 

Gunter Seger of Battelle says that human 
vision is hindered by the subjectiveness of 
judgments and limited possibility of 
standardisation—areas that automation 
can handle very well. In simple terms, this 
means that machines can be easily 
programmed to look for specific faults or 
characteristics and can do it with great 
accuracy. 

It won’t be long before robots take the 
place of humans in most of the mundane 
jobs in industry. People and governments 
now accept this fact. How long will it be, 
though, before robots take the place of the 
inventors of robots? 


INFORMATION 
TECHNOLOGY 
—STILL A LONG 
WAY TO GO 


COTTISH Equitable Life Assurance 

Society (SE) has now introduced a 
mortgage quotation service located in 
branch offices and available to insurance 
brokers and building societies equipped 
with Prestel equipment. Having had a taste 
of ‘IT’, SE have approached Langton Ltd., 
a consulting firm, with a view to full scale 
involvement in Viewdata technology. This 
has resulted in the addition of a personal 
pension quotation service on Viewdata and 
the possibility of future linking of their 
Burroughs mainframe computer, directly 
into the Prestel network. 








SOURCE PACT 
EXTENDED 


Src 1981, Philips and Fairchild have 
operated an alternative source pact 


which allows each other to produce certain 
1.c.$ designed by the other party. This 
arrangement has recently been extended to 
include 90 new high performance FAST 
TTL (Fairchild Advanced Schottky TTL) 
devices. 

A strong alternative source position is 
critical to growth of this relatively new 
TTL family, which is now estimated to be 
expanding faster than any other TTL line. 
Although many semiconductor houses do 
operate similar agreements, there should be 
more, if future chip shortages are to be 
avoided. Maybe the answer is an 
international, multi company technology 
exchange, each company offering their own 
designs. 


NEW IEC 
SYMBOLS 


Bk HE FINAL publication in a landmark 1 3- 
part series dealing with graphical 
symbols for diagrams will soon be available 
from the International Electrotechnical 
Commission (IEC). 

This new publication, which is the 
culmination of several years work on the 
part of IEC Technical Committee No. 3 
—Documentation and Graphical 
Symbols—provides general information, a 
general index, and cross-reference tables 
for the 12 other parts of the graphical 
symbol series which have been published 
previously. 

Part | brings together information 
needed to use the entire series to its 
maximum advantage by providing 
definitions of graphical symbols, their 
presentation, numbering, and use. 

All the symbols presented in this series 
have been adapted for computer-aided 
drafting systems. Because these systems 
require that each symbol have a reference 
point located at a grid intersection, a 
transparent grid is supplied with this part 
of the standard to facilitate the selection of 
a suitable point. 

The now complete 13-part series is a 
unique tool for users across the entire 
gamut of the electrotechnology field—from 
engineeers, to designers, institutions, 
manufacturers and others. It gathers 
together world-accepted symbols and 
graphic component symbols and allows 
everyone in the electrical and electronic 
industries to communicate with complete 
understanding, graphically. Throughout 
the series, symbols and their alternate 
acceptable forms are given with 
explanations in English and French. 


AMSTRAD 
SERVICE 


MSTRAD has announced that 0277 
230222 has been designated as the 
““Customer Service Number”’ at the 
company’s Brentwood headquarters. 
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Dear Editor 

Over many years, I have become an 
ardent ‘taper’, including reel to reel, but 
more especially I refer to cassette tapes, 
and a means of wiping them clean. 

There are many times I would like to 
- clean, i.e. bulk erase, a tape after I have 
edited off it what I want, and the only 
method seems to be either to record over 
the existing stuff, which I don’t find 
satisfactory, I’d rather have a clean start, or 
to run it at normal speed through a 
recorder with the record level down low. In 
which case it is a long job. 

I’ve asked at many stores for a bulk 
eraser for cassette tapes (which would do 
my micro cassettes, too), without success. 
None have I seen advertised, and over the 
years I’ve bought other mags than P.E. to 
see what chances there were. 

One is advised to ‘keep tapes away from 
sources of magnetism’ so I’ve held them 
close to the transformer of my tuner, tape 
recorder, etc. but haven’t had a ‘damaged’ 
recording. I thought perhaps a tranny 
rigged up might make an eraser. No luck. 

Can you tell me, can I make one of these, 
or do you know if there is such a thing 
available? 

Des. H. Reed, N. Yorkshire. 


Dear Mr. Reed 

Sorry to hear of your problem but we 
don’t know of any such device available. Is 
the quality of recording over previous 
material, that bad? If it’s only the pauses 
between recording that you’re worried about 
try a voice activated switch wired to the 
motor (there’s one this month in PE). 
Editorial 


Dear PE 

Can you please help me to find a 
semiconductor, TIS 151 for the Modular 
Mixer and Audio Power System project? I 
have tried all the shops but they have never 
heard of it. 

What rate of speaker can be used for 
this? 
Mr. J. Worton, Surrey. 


Dear Mr. Worton, 

I was sorry to hear that you have 
experienced some difficulty obtaining the 
TIS 151 Darlington transistor specified in 
the Modular Audio System. These can be 
obtained from several suppliers (including 
R.S. Components Ltd.) and cost around 
SOp. 

As regards loudspeaker ratings, any 
suitably rated loudspeaker system 
exhibiting an impedance of between 3 ohm 
and 15 ohm should be ideal. In most cases 
this will probably comprise several 
loudspeakers wired together (in series or 
parallel depending upon the individual 
impedances) so that the power is suitably 
shared between them. Two 15 ohm speakers 
rated at 25W would, for example, be 
connected together in parallel (taking care 
to ensure correct phasing) to produce a 
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single loudspeaker system rated at 
7-5 ohms-50W. 

Wishing you every success with the 
project, 
Michael Tooley, author 





Dear Sir 

In the October 85 issue of PE, you 
published a letter from me, where in 
general I had a moan regarding chip and 
other semiconductor manufacturers/ 
distributors and their lack of any interest in 
a keen hobbiest like myself and thousands 
more. 

Response was very poor in that I still had 
nothing from that sector, but a couple of 
individuals wrote to me and helped best 
they could! One suggested I write to Gothic 
Crellon, who did indeed send many data 
sheets. Motorola finally answered the call 
with a list of sheets and where to get them 
from (distributors). 

One, on the list, was STC who I had tried 
before, so I tried them again, and then 
again at their local office, but all to no 
avail. Motorola say they are a main 
distributor of goods and DATA SHEETS!! 
Yet every year they send me their 
catalogue?? Sorry STC I don’t think we will 
be ordering our goodies from you!! 

Could you imagine my surprise when 
two days ago I received a ring binder from 
a very kind chap full of very useful data 
sheets, but the great surprise was this chap 
lives in Ontario, yes the one in Canada, 
and so to Brian Deschene many thanks... 
again. 

We still needs lots of data sheets and the 
offer is still open. Four hundred of us want 
to add various circuits to our home built 
Z80A computer system, but we will only 
buy from those who help us. 

Are Texas and GI dead??? 

Mel Saunders, Leicester. 


Dear Mr. Saunders (and others) 

We are glad that there are some people 
around who are prepared to go to some 
trouble to help, but it shouldn't be left to the 
odd one or two. Come on you big boys 
(including STC), lend a hand. 

Editorial 





Dear PE 

As I do not take any Electronics 
magazines regularly, could you tell me if 
there were any errors in the Mono Stereo 


_ Echo Reverb article published Sept ’84? 


I intend to make the unit for a straight 
delay (for PA use). Do you know where I 
can just get the p.c.b.s. 

Mr. A. T. Yarnold, Southampton. 


Dear Mr. Yarnold 

There are no errors in the Echo Reverb 
that we know of and the p.c.b.s are available 
from: Becker Phonosonics, 8 Finucane 
Drive, Orpington, Kent BR5 4ED. 

You would, of course, know this if you 
took PE regularly. We suggest that you keep 
taking PE or keep taking the pills. 

Editorial 


MICROPROCESSOR SYSTEMS 
ENGINEERING 

J. Ferguson—Addison Wesley. ISBN 0- 
201-14657-6 

303 pages paperback. £12.95 

“Recent trends have shown an explosive 
growth in the number and complexity of 
microprocessor applications, accompanied 
by a sophistication of the hardware and 
software tools needed to develop and 
maintain them.” 

Microprocessor Systems Engineering 
attempts to gather together in one book all 
the concepts, skills and practicalities of this 
diverse and often complicated subject. The 
first chapter categorises the various forms 
of microcomputers and details the general 
aspects of micro based systems. 

In chapter two, the fundamentals of four 
specific processors are dealt with, these 
being: the 6502, Z80, 8088/8086 and the 
68000. The next chapters deal with aspects 
of software production, testing, debugging 
and system development. The final 
chapters deal with such subjects as 
interfaces and peripherals, LAN’s and 
servicing. 

R.M.B 


THE TRANSDUCER PROJECT BOOK 
Michael J. Andrews—Tab Books Inc. 

ISBN 0-8306-1992-5 

130 pages paperback. £7.95 

The Transducer Project Book is suited to 
the beginner. There is a minimal amount of 
electronics involved with each project but 
the principles which are used, are fully 
explained at each stage. 

Transducers, nowadays, are often 
associated with computers. Most of the 
projects in this book can be built and used 
without the need for computer interfacing 
or indeed a computer. Only a small section 
is devoted to computer applications. 

Projects described include: digital 
yardstick, sound activated switch, 
electronic balance, frequency meter and a 
temperature controlled crystal oven. 
F.R.S. 


DESIGNING IC CIRCUITS WITH 
EXPERIMENTS 

Delton T. Hall—Tab Books Inc. ISBN 0- 
8306-1259-0 

411 pages paperback. £15.15 

This is a useful teaching aid and reference 
book for beginners through to experienced 
hobbyists. The first two chapters deal with 
the concepts involved with i.c.s. and 
essential electrical and electronic 
formulas.The following chapters are 
dedicated to particular types of circuits and 
i.c.s. including operational amplifiers, 
phase locked loops and timers. A 
comprehensive index allows you to find the 
exact subject you require. 

F.B. 


NEPTUNE |, II 
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DC servos 


ROBOTS 
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£435! 


UK’s WIDEST 
Range of low cost 
robotic & FMS equipment 


LT serait 


a pplications 


West Portway Ind. Est. 
Andover, Hants 
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Interak 1 


A METAL 
Z80A COMPUTER 


Colleges, Universities, Individuals: Build your 
own modular Z80A-based metal 19” rack 
and card Interak computer. Uses commonly 
available chips — not a single ULA in sight 
(and proud of it). If you can get your own parts 
(but we can supply if you can’t) all you need 
from us are the bare p.c.b.s and the manuals. 


. Interak 1’s greatest |, |°.|° . 
68 asset — space for &8) @e 
expansion. e 
@ @ 
© (Up to 8 more cards 2) 
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| KEY: rape! 


P 
EXPANSION BOARD SUPPLY SPACE 


(P.c.b.s range in price from £10.95 to £17.75 
+ VAT; manuals £1 - £5.) 

The Interaktion User Group has 14K BASIC, 
Assembler, Fig Forth, Disassembler, Debug, 
Chess and a Book Library, Newsletters etc. 
No fears about this one going obsolete — 
now in its fifth successful year! Send us your 
name andaddresswitha21pstampandwe'll 
send you 40 pages of details (forget the 
stamp if you can’t afford it!) You’ve already 
got a plastic computer for playing games, 
now build a metal one to do some real work: 
Interak, Interak, Interak! 


Greenbank 
Greenbank Electronics (Dept T2E), 92 Chester Road, 


New Ferry, Wirral, Merseyside L62 5AG 
Telephone: 051-645 3391 

























AUDIO MODULES AT THE LOWEST PRICES 


Now Distributed by Riscomp 


POWER AMPLIFIERS 
AL 1030 (AL30) - Low cost general purpose 10W/ 
80hm module, supply voltage range 18-30V. 


£3.85 + V.AT. 


AL 1540 - At 15W/80hm medium power module 
incorporating over-load protection. Operating 
voltage range 20-40V. 


£4.15 + V.AT. 


AL 2550 (AL60) - Compact 25W/80hm module for 
domestic applications with a distortion figure of 


£4.95 + V.AT. 


AL 5070 (AL120) - Top class 50W/80hm module 
with self-contained heat sink and_ built-in 
protection circuitry, produces really 1st class 
ame with a distortion level at an incredible 
02%. 


£12.45 + V.AT. 


AL 12580 (AL250) - A rugged top of the range 
module providing output powers of up to 125W 
into 4ohms which employs 4 heavy duty output 
transistors to ensure a stable and reliable 
performance. Currently used in disco units, public 
address systems, juke boxes and even domestic 
Hi-Fi. 


£14.70 + VAT. 


PRE-AMPLIFIERS & MIXERS 


PA 207 - A quality stereo pre-amplifier and tone 
control unit suitable for driving any of the above 
amplifiers. Operates from a supplv rail of 40-70V. 


£13.95 + V.AT. 


MM 100 - 3 input mixer featuring individual level 


controls, master volume, treble & base controls, 
with inputs for microphone, magnetic pick-up 
and tape or second pick-up (selectable). Operates 
from 45-70V. a 


£12.40 + V.ALT. 


MM 100G - As MM 100 except inputs are for 2 
guitar + microphone. £12.40 + V.AT. 


POWER SUPPLY 

SPM90/45/55/65 - A stabiliser module available 
in 3 voltages, 45 55 & 65V providing a stabilised 
output of up to 2A and providing a superior 
performance especially with the higher power 
audio modules. (Requires an appropriate 
transformer + reservoir capacitor) 


£6.85 + V.ALT. 


& All modules supplied with a %. 
comprehensive Data Sheet. 


Dept PE13, 


Order b t. order by ‘ph oF = 
our any oat, ova by ohore wJE| RISCOMP 51 Ponry Foaa 


U.K. orders add 75p post and packing 
Export orders — post & packing at cost 
Please allow 7 days for delivery 





LIMITED 


Princes Risborough, 
Bucks. HP17 9DB. 
Princes Risborough 
(084 44) 6326 


AFFORDABLE ACCURACY 


Quality Multimeters from 






ANALOGUE 
HM-102BZ — 10ADC Range, 20kN/VDC, 
Buzzer, Battery Test Scale... £12.50 


19 measuring ranges 

HM-102R — Low end voltage & current 
ranges, Jack for Audio o/p voltages ... £11.00 
20 measuring ranges 

HM-1015 — Rugged, Pocket sized meter, 

for general PUrPOSE USE... eects £7.50 
16 measuring ranges 


Battery, Test Leads and Manual included 
with each model. 

Please add 15% 

for VAT and 

60p for p&p 


Cirkit 





A 


comprehensive 
range of 
Analogue and 
(Pushbutton or 
Rotary 
Switched) 
Digital Models 


DIGITAL 


HC-7030 

0.1% Accuracy. Standard Model .......... £39.50 
HC-6010 

0.25% Accuracy. Standard Model ....... £33.50 
HC-5010 

0.25% Accuracy. TR Test Facility. ....... £39.50 
DM-105 

0.5% Accuracy. Pocketable ................... £21.50 


All models have full functions and ranges and 
feature: 3'/2 digit 0.5” LCD display — low battery 
indication — auto zero & auto polarity — ABS 
plastic casing — DC AC 10amp range (not 
DM-105) — Overload protection on all ranges — 
battery, spare fuse, test leads and manual 


Full details and specification from: 


Cirkit Distribution Ltd 


Park Lane, Broxbourne, Herts, EN10 7NQ 


Telephone (0992) 444111 


Telex 22478 


TRADE ENQUIRIES WELCOME 
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THREE ACES FROM ALCON! 


28 RANGES WITH PROTECTIVE FUSE 
Accuracy: 2% d.c. and resistance, 3% a.c. 
28 ranges: d.c. V 100mV, 3V, 10V, 30V, 100V, 300V, 
600V. d.c. | 501A, 600A, 6mA, 60mA, 600mA. 
a.c. V 15V, 50V, 150V, 500V, 1500V; a.c. | 30mA, 
300mA, 3.0A. Ohms 0-2kO, 0-2MQ. 
dB from —10 to +62 in 6 ranges. 
Dimensions: 105 x 130 x 40mm. 


ONLY £21.60 


HIGH QUALITY TEST INSTRUMENTS 
AT SUPERDEAL PRICES 


CARRYING CASE, LEADS & INSTRUCTIONS. 

PRICES Our prices include VAT and postage and goods are normally despatched by return. 

Please write or telephone for details of these and the many other instruments in the Alcon range, 

including multimeters, components measuring, automotive and electronic instruments. 19 MULBERRY WALK - LONDON SW3 6DZ - TEL: 01-352 1897 - TELEX: 918867 


INSULATION 


me com LA IISS | 
TRANSFORMERS | ouTeR 


Jaytee. The UK Distributor with the availability and ‘ 
service to match the quality of the toroidals. Dept PE1, 143 Reculver Road, Beltinge, jee aap 


FORFREEDATAPACK PLEASE == ate Herne Bay, Kent CT6 6PL. PRIMARY 
WRITETOOURSALESDEPT. [= Telephone: (0227) 375254 


el LF ———— 
ILP Toroidal Transformers are now available through Jaytee Electronic Services SECONDARY Mt NEOPRENE 
' q ws, 


15VA TRANSFORMERS 
Se areca) | Regulation 8% ! Regulation 4% ARE NOW 
Moanting bolt M4 x 12 ae z iS : AB AY SUPPLIED WITH 
: 1.8 Kgs , 5.0 Kgs : DUAL PRIMARIES 
Mounting bolt M5 x 50 . Mounting bolt M8 x 90 5 
30Va , PERMITTING 110V 
or ata 18% OR 220/240V 


ize 


ABC : 

705531 ) OPERATION 
0.45 Kgs 225VA_ 
Mounting bolt M5 x 50 X eens 7% 

A BC 

110 50 55 

2.2 Kgs 

Mounting bolt M5 x 60 


THE TOROIDAL POWER TRANSFORMER 


Offers the following advantages:- 


SMALLER SIZE AND WEIGHT TO MEET MODERN ‘SLIMLINE’ 
REQUIREMENTS. 

LOW ELECTRICALLY INDUCED NOISE DEMANDED BY 
COMPACT EQUIPMENT. 

HIGH EFFICIENCY ENABLING CONSERVATIVE RATING 
WHILST MAINTAINING SIZE ADVANTAGES. 

LOWER OPERATING TEMPERATURE. 


PRICES 


50Va 

Regulation 13% 

Size 

ABC 

80 40 43 

0.9 Kgs 

Mounting bolt M5 x 50 
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° 
=) 


300VA 

Regulation 6% 

Size 

A BC 

110 57 62 

2.6 Kgs 

Mounting bolt M5 x 60 


80Va 

Regulation 12% 

Size 

ABC 

95 40 43 

1.0 Kgs 

Mounting bolt M5 x 50 
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SOOVA 
120VA Regulation 5% 


Regulation 11% f Size 
Size r A BC 


ABC 135 60 65 


4 4.0 Kgs 
38 4 "4 5 Mounting bolt M8 x 70 


G 
Mounting bolt M5 x 50 


‘ALL ABOVE PRICES INCLUDE VAT AND CARRIAGE. QUANTITY 
DISCOUNTS AVAILABLE FOR 6 OR MORE OF ANY ONE TYPE 
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SOUND ACTIVATED SWITCH 


BY R. A. PENFOLD 


Bucket brigade technology coupled with a 
sound activated circuit provides a useful 


OUND activated switches are 
mainy used in voice operated tape 
recorders and radio transceivers, but 
have other uses. Most, if not all, pub- 
lished sound switch designs are of a 
fairly basic type where the voice signal 
is simply coupled straight through to 
the cassette recorder (or whatever). 
This has a slight drawback in that the 
first syllable or even the first word is 
lost each time the switch is activated. 
This is due to the time taken for such 
things as the relay to close, the cassette 
motor to start, and so on. The start-up 
time obviously depends on the applica- 
tion and the particular equipment 
used, but is usually quite short at a few 
tens of milliseconds. The missing part 
of the signal does not necessarily im- 
pair the intelligibility of the signal, 
although it can do so, but it is obvious- 
ly undesirable. It can also be accom- 
panied by other undesirable effects, 
such as pitch variation as the cassette 
motor goes from zero to full speed. 
The loss of voice signal and other 
problems during the start-up period 


can be avoided by including a delay — 


line in the signal path so that the voice 
signal is delayed until the equipment 
has become fully operational. This 
sound switch includes such a facility, 
although it could easily be modified to 
act as a simple sound switch for non- 
critical applications if preferred. In 
fact, with a little ingenuity, the delay- 
line section could also be used in 
isolation for delay equalisation in a 
public address system or something of 
this nature. The delay is adjustable 
from a few milliseconds to a maximum 
of around a tenth of a second. Outputs 
at a low level (comparable to a micro- 
phone signal) and line level are 
available. 

The unit is designed for use with a 
low impedance dynamic (200Q or 
600Q cassette recorder type) micro- 
phone, and it operates from a 9V or 
12V battery supply. The suggested 
relay will switch loads of up to 5A at 
24V d.c. or 240V a.c., which is more 
than adequate for most liklely applica- 
tions for the unit. 


10 


audio add-on 


SYSTEM OPERATION 


There is substantially more circuitry _ 


in this sound activated switch than in 
most previous designs, but the addi- 
tional circuits are those associated with 
the delay line. Fig. 1 shows the block 
diagram for the unit. 

Dealing with the sound switch sec- 
tion first, the microphone signal is at a 
very low level of typically under 1mV 
RMS, and this must be substantially 
boosted before it can operate a relay 
driver circuit. A two-stage low noise 
preamplifier is used, and the voltage 
gain is adjustable from about 54dB 
(500 times) to around 74dB (5000 
times). This gives an output level in the 
region of 2V peak to peak to drive the 
subsequent stages. 

One of these is a buffer stage which 
in turn drives a rectifier and smoothing 
network. The time constants of these 
gives a very fast attack time of just a 
few milliseconds, but a much slower 
decay time of two or three seconds. 
The fast attack time is obviously neces- 
sary in order to give the delay line a 
reasonable chance of eliminating the 
loss of the initial part of the signal. The 
fairly long decay time is equally impor- 
tant as it prevents relay “‘chatter”’, and 
it also eliminates problems with the 


relay switching off during brief pauses 
that occur during normal speech. 

The positive d.c. signal generated 
across the smoothing circuit is fed toa 
high input impedance d.c. buffer stage 
which also provides a small amount of 
voltage gain. This drives a switching 
transistor which in turn drives the 
relay coil. A set of normally open relay 
contacts control the cassette motor or 
other load. A relay has the obvious 
disadvantage of being somewhat slow- 
er in operation than a semiconductor 
switching device. However, it still only 
takes nominally 16ms for the contacts 
to close, and the complete isolation 
between the switching contacts and the 
rest of the unit is often of great impor- 
tance. A relay can also handle both a.c. 
and d.c. loads without any problems. 

The delay line is a standard CCD 
(charge coupled device) or “bucket 
brigade” type. These are based on a 
series of charge storage capacitors and 
electronic switches, which are anala- 
gous to buckets and humans in a 
‘“*human chain’’. The basic action is for 
the input capacitor to sample the input 
signal, and then the charge on this 
capacitor is passed on to the second 
capacitor in the chain via an electronic 
switch and buffer amplifier. The input 
capacitor then samples the input signal 


M a | | 
2 STAGE DC. SWITCHING oe : 
PREAMP eurren Racal ae BUFFER TRANSISTOR i jase 


Te 
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Fig. 1. Block diagram of the Sound Switch 
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SOUND ACTIVATED SWITCH 





again, the second capacitor passes on 
its charge to the third capacitor, and so 
on, with a continuous stream of sam- 
ples being taken and passed on through 
the full length of the delay line to 
eventually emerge at the output. 

This gives an output of the type 
shown in Fig. 2. The waveform here is 
not what one might expect, and the 
problem is due to the final stage of the 
delay line being unable to simul- 
taneously maintain an output signal 
and receive the next sample. The out- 
put is therefore cut off during the 
periods when the final stage is receiv- 
ing samples from the penultimate 
stage. The amplitude modulated 
squarewave output could be processed 
by a lowpass filter to give a proper 
audio output signal, but very heavy 
filtering indeed would be needed in 
order to give an output signal having a 
really low ripple content. The problem 
is considerably eased by having an 
extra stage at the output of the delay 
line which is used to maintain the 
output signal level while the final 
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delaying stage receives samples. An 
adjustable passive mixer stage is used 
to combine the two output signals for 
minimal “‘glitches’”’ on the output. The 
glitches are not totally eliminated, but 
they can be reduced to an insignificant 
level by lowpass filtering. This filtering 
is essential anyway since the output 
signal is a stepped waveform, and 
lowpass filtering is required to smooth 
out the steps and give a proper output 
waveform which matches that of the 


- original input signal. 


Fig. 2. CCD output 


DELAY 


There are two factors which govern 
the length of the delay obtained; the 
number of stages in the delay line and 
the sampling frequency. In this case we 
are using two inexpensive CCD chips 
(TDA1022s) in series, and these pro- 
vide a total of 1024 delaying stages. An 
external two-phase clock signal is re- 
quired, and this is provided by a 
CMOS astable plus a buffer stage and 
an inverter to provide the antiphase 
clock signal. The delay time is equal to 
the number of delaying stages divided 
by twice the clock frequency. The clock 
frequency must be at an absolute mini- 
mum of double the maximum input 
frequency, and it is this that sets the 
practical limit on the delay time for a 
given length of delay line. For intel- 
ligible speech a minimum bandwidth 
of about 3kHZ is required, which 
demands a minimum clock frequency 
of 6kHZ. With a 1024 stage delay line 
this gives a delay time of just over 85 
milliseconds, which is just about ade- 
quate for this application. 

A lowpass filter is needed at the 
input of the delay line to prevent 
strong signals at frequencies close to 
the clock frequency from entering the 
delay line. If this was not done a form 
of distortion known as “aliasing” dis- 
tortion would give a very poor quality 
output. With a clock freqency that is 
within the audio range a very high 
slope lowpass filter is needed at the 
output as strong audible breakthrough 
of the clock signal would otherwise 
occur. In this case three 18dB per 
octave filters in series are used, giving a 
total roll-off rate of some 52dB per 
octave. The line output is taken direct 
from the output of the filter, but the 
microphone output is taken by way of 
a variable attenuator which will 


normally be used to provide about 


60dB of attenuation. 


THE CIRCUIT 


Fig. 3 shows the circuit diagram for 
the preamplifier, switch, and clock 
oscillator stages, while Fig. 4 gives the 
circuit diagram for the delay line and 
filter stages. 

Taking Fig. 3, first, the preamplifier 
is based on a dual low noise (bifet) 








SOUND ACTIVATED SWITCH 


1C3 = 4001BE 
PIN 14 = +VE 
PIN 7 = —-VE 


Fig. 3. Preamplifier switch and clock oscillator stages 


Fig. 4. Delay line and filter stages 


operational amplifier, IC1. ICla oper- 
ates in the inverting mode and has a 
fixed voltage gain of 100 times. C3 
introduces some lowpass filtering 
which helps to avoid serious aliasing 


distortion, but is of no real conse-. 


quence as far as the switch section of 
the circuit is concerned. ICla has its 
output direct coupled to the input of 
IC1b, which operates in the inverting 
mode with a voltage gain that is vari- 
able from 5-7 times to over 50 times by 
means of VR1. The signal for the delay 
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FROM IC3 


IC5 
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line is taken from the output of IC1b, 
but the signal which drives the switch 
circuit is taken via the emitter follower 
buffer stage based on TR1. The latter is 
needed primarily to prevent the recti- 
fier and smoothing circuit from plac- 
ing non-linear loading on IC1b and 
causing distortion. 

The rectifier is a straightforward 
two-diode half-wave type, with 
smoothing provided by C6. The low 
output impedance of TRI! coupled 
with the fairly low value of C6 gives a 





SK2c 


MIC.OUT 





suitably fast attack time, while the high 
value of R8 gives only a high resistance 
discharge path and a relatively long 
decay time. IC2 is the d.c. buffer stage, 
and this is an operational amplifier 
connected in the non-inverting mode. 
Negative feedback resistors R10 and 
R11 give a low voltage gain of only 
about three times. IC2 is a CA3130E, 
and this has a CMOS output stage that 
enables a peak to peak output voltage 
virtually equal to the supply potential 
to be achieved. This is important in 
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this application as it enables the output 
of IC2 to go sufficiently negative to 
switch off the relay driver transistor, 
TR2. Most operational amplifiers are 
not suitable for use in this circuit as 
they would hold TR2 permanently in 
the on state. IC2 also has a MOS input 
stage which gives a very high input 
resistance and ensures minimal load- 
ing on the high impedance smoothing 
circuit. IC2 lacks an internal com- 
pensation capacitor, and discrete 
component C9 is required. 

The chosen relay has a fairly high 
coil resistance so that the current con- 
sumption of the unit is kept down to 
reasonable proportions while the relay 
is activated, and battery operation is a 
realistic proposition. D3 is the usual 
protection diode to suppress the 
reverse voltage spike generated as the 
relay switches off. 

IC3 isa CMOS 4001BE quad 2 input 
NOR gate, but here all four gates are 
wired to operate as simple inverters. 
IC3a and IC3b are connected as a 
standard CMOS astable circuit, and 
VR2 can be used to vary the clock 
frequency over wide limits. IC3c acts 
as the buffer stage and IC3d is the 
inverter which generates the second 
clock phase. 


The input filter is a conventional . 


third order (18dB per octave) type 


which has IC4 as the unity voltage gain | 


buffer stage. VR3 provides a variable 
input bias for this stage, and due to the 
use of d.c. coupling throughout the 
delay line circuits it actually provides 
the bias voltage for all the subsequent 
stages as well. VR3 is adjusted to 





Fig. 5. P.c.b. pattern and component layout 





Photo 1. Internal details of the Sound Activated Switch 





provide optimum large signal 
handling, and an output level of 
several volts peak to peak can be 
provided before the onset of clipping 
occurs. 

Apart from the clock oscillator and 
filters little in the way of discrete 
components are required for the delay 
line chips (IC5 and IC6). R20 and R21 
are load resistors for the output stages 
of these chips. The two outputs of IC5 
are simply wired together and coupled 
direct to the input of IC6. VR4 pro- 
vides mixing at IC6’s outputs, and 
VR4 is adjusted for minimum clock 
breakthrough at the output. R18 and 
R19 provide a small bias voltage for an 
input on each delay line chip. 

The three output filters are identical 
to the input filter apart from the final 
one. This only differs in that the filter 
resistors have been made slightly lower 
in value, which slightly improves the 
overall response of the filters. R31 and 


VR5 form the variable attenuator at 
the microphone output of the unit. 


CONSTRUCTION 


Except for the controls, sockets, and 
battery, all the components fit onto the 
printed circuit board. The printed cir- 
cuit track pattern and component 
layout are illustrated in Fig. 5. 

Although construction of the board 
is largely straightforward there are a 
few points that should be noted. IC2, 
IC3, IC5 and IC6 are all MOS devices 
which should be fitted in holders, and 
the other normal antistatic handling 
precautions should be observed. D1 
and D2 are germanium devices which 
are more easily damaged by heat than 
silicon types. Take care to avoid over- 
heating these when soldering them in 
place. From the electrical point of view 
any 6V relay having a coil resistance of 
about 20Q or more and adequate 
contacts is suitable for use in this 
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circuit. It is best to use the specified 
type though, since it will fit direct onto 
the board. Alternatives, even printed 
circuit mounting types, would either 
need to be mounted off-board some- 
how, or the board would have to be 
modified to suit the different pin-out 
arrangement. The filter capacitors 
must be carbonate types, or polyester 
types of the same small physical size 
and 5% tolerance. 

The case for the prototype is a plastic 
type having metal front and rear panels 
and approximate outside dimensions 
of 180mm x 120mm x 39mm. This is 
just sufficient to accommodate all the 
parts including a PP3-size NiCad bat- 
tery. If a non-rechargeable battery is 
used a fairly high capacity type will be 
required due to the quite high current 
consumption of the unit. This is 
approximately 8 milliamps under 
quiescent conditions, but rises to 30 
milliamps or so when the relay is 
activated. A PP9-size battery or six 
HP7 cells in a plastic holder are suit- 
able. However, this would probably 
necessitate the use of a slightly larger 
case. The TDA1022 delay line chips 
have a minimum recommended sup- 
ply voltage rating of 10V, but it does 
not seem to be essential to resort to a 
12V battery supply, and good results 
are obtained using an ordinary 9V 
battery as the power source. 

The controls and sockets are mount- 
ed on the front panel, and the printed 
circuit board is fitted on the base panel 
using M3 or 6BA fixings. The hard 
wiring is then added. A screened lead is 
used to connect SK1 to the board, but 
the other leads are made from ordinary 
multistrand PVC insulated connecting 
wire. SK2 is a 5-way DIN type on the 





Photo 2. P.c.b. component layout details 





Photo 3. Front panel and case details of the Sound Activated Switch 





prototype, but obviously any more 
convenient type can be substituted 
here, or separate “‘line’’, “‘mic. out’’, 
and “remote”’ sockets can be used. 


ADJUSTMENT 


With all four prestet resistors set at 
roughly a middle setting the unit 
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should work reasonably well. VR3 can 
be adjusted with the aid of an audio 
sinewave generator and an oscillo- 
scope to give symmetrical clipping, or 
if suitable test gear is not available it 
can be given any setting that enables a 
high output level and low distortion to 
be achieved. 

VR2 enables the delay time to be 
adjusted, and this is set for the longest 
delay that is commensurate with good 
audio quality. Anticlockwise adjust- 
ment gives increased delay time in- 
cidentally. VR4 is simply adjusted for 
minimum breakthrough of the clock 
signal at the output. VR5 is adjusted to 
give an output level from the micro- 
phone output that is comparable to 
that obtained from the microphone 
normally used with the controlled 
equipment. VR1 controls the sensi- 
tivity of the unit, but it also affects the 
output level of the unit. VR1 should 
therefore be set at a practical setting 
before adjusting VR5. Avoid having 
the sensitivity too high for the micro- 
phone in use as this will simply result 
in clipping of the output signal and 
unwanted triggering of the unit by 
background sounds. It is useful to have 
the sensitivity control as a front panel 
control as it is then easy to adjust it to 
compensate for changes in the distance 
from the speaker to the microphone, 
and different microphones if more 
than one type is used with the 


equipment. IPE 


PRACTICAL ELECTRONICS APRIL 1986 


REGULAR FEATURE 


THE LEADING EDGE 


BY BARRY FOX 


The technology behind the technology 


It is hard now to sell anything in the 
professional or domestic audio indus- 
try unless it carries a “digital” label. 
Studios use digital tape to record 
music, which is then issued on com- 
pact disc, the 12 centimetre digital 
gramophone record which is read by a 
laser. The compact disc system is now 
so successful that the supply of records 
cannot meet the demand. 

The computer industry will soon 


start selling CD peripherals because 


one CD can store 600 megabytes of 
data, equivalent to around 1000 flop- 
pies. The data is read-only, of course. 
The disc becomes an extra ROM of 
hitherto undreamed-of capacity. 
Hence the term CD ROM. It’s cheap, 
too. A CD ROM disc costs no more to 
make than a music disc. As far as the 
disc pressing plant is concerned it 
makes no difference what the spiral 
track of sub-micron bits carries in 
code. 

CD ROM players will be cheap, 
unless the computer firms profiteer. 
Already CD music players are selling 
for under £200. The raw kit of parts, 
chips and optics, cost manufacturers 
under £50 and much less in bulk. A CD 
ROM player does not even need the 
digital-to-analogue converter chip 
needed for music reproduction. 

It is easy to transfer books and maps 
onto CD ROM, because the text and 
line structure is usually in digital code 
-already. Modern printing presses run 
from an input of ASCII code on tape. 
The code can just as well be fed to a 
compact disc mastering suite. Philips 
has put a Dutch dictionary on CD 
ROM as a test. In America the Grolier 
publishing house has put all 21 
volumes of its encylopaedia on a single 
$200 CD ROM. A PC database can 
search out entries, with access time of 
less than a second. 


DEVELOPMENTS 


New developments now follow so 
fast that the technical basics on which 
they rely get lost in a sea of commercial 
puff. . 

Compact disc sound is in pulse code 
modulation or PCM. The original sig- 
nal is sampled at 44-1KHz and each 
sample described in a 16-bit word. The 
digital pulses or bits are recorded as a 
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and things to come 


track of 15 billion pits in a 4-5 kilo- 
metre spiral track on the 12 centimetre 
disc. The pits are 0-1 micrometre deep 
and 0-6 micrometre wide. The track 
has a 1-6 micrometre pitch and the 
read-out laser is accurately focused by 
servo control to a one micrometre spot. 
By comparison a conventional vinyl 


LP has a groove around 50 micro-' 


metres wide, similar to a human hair, 
and is tracked by a diamond stylus 
with a curved tip of 15 micrometres 
radius. 

Currently there are only ten factories 
around the world capable of pressing 
compact discs on a commercial scale. 
Although their claimed production to- 
tals nearly 100 million discs a year, 
only around 50 million discs a year 
have so far been reaching the market. 
Four million people round the world 
now own CD players and shop prices 
have risen to over £10 a disc. Philips of 
Holland has signed a joint venture deal 
with Dupont of the US, to press 200 
million discs a year by 1990. 


CODING 


Although the CD format specifies 
16-bit coding, Philips has been selling 
players since the system launch in 1983 
which rely on only 14-bit decoders. 
Despite this, most hi fi buffs think the 
Philips players sound better than Japa- 
nese players which use 16-bit chips. 
This follows from a clever decoding 
trick. 

Philips argued when CD was 
launched that 16-bit technology was 
not ready. Chips do not resolve the fine 
detail available from the last two bits. 
So Philips research laboratories in 
Eindhoven developed a_ technique 
called over-sampling which makes 14- 
bit chips behave like 16-bit chips. 

Oversampling spreads unwanted 
noise over an artificially widened 
sound spectrum. The digital data 
leaves the disc in a stream running at 
4-3 megabits/second. To reconstitute 
the original analogue waveform, the 
player would normally work on 44,100 
samples a second to match the original 
44-1kHz coding. Instead the Philips 


player feeds the 16-bit data stream into 
a shift register which quadruples the 


sampling frequency, so that three 


dummy bits are created for each bit 
which matters. 


INCREASE SAMPLING 


When the sampling frequency is 
quadrupled, from 44-1KHz to 
176°4KHz, the effective audio band- 
width is also quadrupled, from 22KHz 
to 88KHz. There is of course no audi- 
ble signal outside the original 22KHz 
bandwidth, but the unwanted back- 
ground noise produced by the digital 
system is now spread over the full 
88KHz range. So 75% of the noise is 
above the range of normal hearing and 
can be removed by filtering. This re- 
duction of noise compensates for the 
introduction of noise by the use of 14- 
bit chips instead of 16-bit chips. 

There is an added benefit. Because 
the noise filter can operate over a very 
wide band of audible frequencies, it 
can operate on a smooth slope. Sharp 
action filters, which try to chop off 
everything immediately above the au- 
dio range, introduce audible “ringing” 
distortions of their own. 


OBVIOUS 


For three years now audio engineers 
have been asking the obvious question. » 
How would a genuine 16-bit chip 
sound with four times oversampling? 
In theory the performance becomes 
equivalent to 18-bit. Philips has been 
promising to launch a 16-bit oversam- 
pling player for the best part of a year 
now. They were due in the shops last 
autumn. Then late 1985. Then early 
1986. Even as Philips’ adverts for 16- 
bit players appeared in magazines, and 
as Philips’ UK subsidiary Mullard of- 
fered 16-bit chip packages for sale to 
other manufacturers, Philips put the 
project on hold. The chips don’t yet 
work properly. Resolution is nowhere 
near 16-bit, because the chip cannot 
resolve all the small signal steps accu- 
rately. The resolution may vary too, 
with time and temperature. Foolishly 
Philips released a prototype 16-bit 
player for review. The reviewer 
measured performance and found it 
poor. Production at Philips’ factory in 
Hasselt, Belgium was postponed yet 
again. If nothing else it proves Philips’ 
point of three years ago; namely that 


(continued on page 39) 
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SETTING THE 
STANDARDS 


BY RICHARD BARRON 


Two micro-system back plane standards—the 
STEbus and the PE Hobby bus 


Bee electronics hobby has changed 
dramatically in recent years, largely 
due to the influence of LSI digital i.c.s 
and inexpensive personal computers. 
It was inevitable that cheap micros 
would give a new dimension to the 
hobby; providing new challenges as 
software engineering and computer ap- 
plications projects became as much a 
part of amateur construction as radio 
receivers and power supplies. 

However, whilst home micros have 
indeed given rise to the appearance of 
countless digital and analogue projects, 
interfaces and controllers, they have 
also created a number of problems, not 
least of these being compatibility. A 
multi-channel mains controller de- 
signed for a particular micro will, 
probably, not work with another 
computer. 

This problem is not unique to the 
electronics hobbyist but is common to 
industrial and commercial designers. 
Printers, plotters, disc drives and mon- 
itors are often designed, exclusively, 
for one type of machine, and in many 
cases, cannot be used with different 
models. Sometimes, this is intentional 
as it can be good marketing strategy to 
sell a low cost but powerful computer 
which, on the face of it, seems an 
attractive package. Many people do 
not realise the pit-falls of exclusive 
add-ons until too late. They become a 
captive audience to a single range of 
accessories. 

Similarly, in the manufacturing in- 
dustry, robots, automated manufactur- 
ing systems, various control systems 
and a multitude of other devices are 
now available which may only be in- 
stalled to certain and exacting 
specifications. 


SOLUTIONS 


Despite widespread awareness of the 
problems which confront the industry, 
solutions which provide compatibility 
have not, as yet, been widely accepted. 
And, in many cases, new standards 
have, themselves, created further prob- 
lems or restrictions. For example, a 
group of mainly, large, Japanese com- 
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panies including Hitachi, Mitsubushi 
and Toshiba, under the guidance of 
Microsoft (the software house), intro- 
duced the MSX standard. This stan- 
dard was intended, primarily, to en- 
sure software compatibility between 
machines manufactured by different 
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Fig. 1. Block diagram of the PE Hobby Bus 





companies, and secondly to standar- 
dise hardware facilities. To a large 
extent, the software solution was suc- 
cessful, despite a few minor problems. 
The same is true for the hardware 
approach; compatibility of peripherals 
was achieved. But, inherent restric- 
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Table 1. Compatible micros 


_| COMPUTER | PROCESSOR 


ZX81 

ZX SPECTRUM 
BBC 

MSX 


‘COMMODORE 
VIC-20 
AMSTRAD 
RML 
VARIOUS 
VARIOUS 





tions in the design parameters meant 
that MSX machines are limited, and 
are unable to take advantage of more 
advanced technology and new 
developments. 

Other examples of standardisation 
in the computer industry are those of 
communications protocols, such as the 
RS232 serial link and the parallel 
IEEE488. These two standards have, in 
fact, been widely accepted. 

Many peripherals, particularly prin- 
ters, are quoted as being I[EEE488 
compatible. Even so, it seems that 
there are still problems. Although the 
various signal standards are clearly 
defined, it has become apparent that 
manufacturers have not yet agreed on 
the type of connection leads, connec- 
tors or colour codes. The results are 
obvious. | 

Clearly, therefore, there are two im- 
portant lessons to be learnt from these 
examples. Firstly, design standardisa- 
tion should not impose unneccesary 
restrictions upon future developments. 
Secondly, standards should be clearly 
defined, allowing no room for ambi- 
guity. With this criteria in mind, PE 
has decided to adopt two clear stan- 
dards in an effort to provide readers 
with many advantages without sacri- 
fice to flexibility or future develop- 
ment possibilities. 

Our two standards will feature 
extensively in future projects and 
articles, and should prove interesting 
to all readers, whether hobbyists or 
professionals, actively engaged in the 
industry. 

Designs for interfaces and peri- 
pherals will, for the first time, be com- 
patible with almost any home micro. 
No longer will speech synthesisers de- 
signed for the Spectrum be useless to 
BBC owners. Even if you don’t already 
own a computer, our inexpensive SBC 
projects will allow you full control over 
an enormous range of micro projects. 


PE HOBBY BUS 
The PE standard interface for 
all home micros 


Over the last few years, PE has 
published a large selection of computer 
projects including speech synthesisers, 


PRACTICAL ELECTRONICS APRIL 1986 


amplifiers, robot and printer inter- 
faces, and digital and analogue ports. 
It’s unfortunate that they, all, could not 
be used with a variety of host micros. 
Each project was dedicated to one 
particular machine, yet with a little 
thought could have been modified to 
suit most others. 

By their very nature, computer ports 
and peripherals are very much alike, 
regardless of manufacturer or CPU 
employed. All home micros have an 
address bus, data bus and a number of 
control lines. Some have standard I/O 
ports. The differences between ma- 
chines are usually minor obstacles to 
compatibility, such as I/O address 
space, bus connectors or program 
languages. 

The PE Hobby Bus Standard is 
designed to allow for these minor 
differences and permit almost any 
machine to have full control over a 
wide range of peripherals and interface 
devices. 


FLEXIBILITY 


A block diagram of the PE Hobby 
Bus is shown in Fig. 1. A flexible I/O 
section provides buffering of address 
and data lines and input/output decod- 
ing. The spare I/O area for any host 
micro may be set up via only a few 
switches, giving enormous software 
and hardware flexibility. A short list of 
compatible micros is given in Table 1. 

Also included, as standard, on the 
Hobby Bus, are 16 I/O lines plus four 
handshake lines which can be accessed 
from any position along the bus. These 
lines may be used in conjunction with 
a range of peripherals and can be 
controlled by any host micro. 

In addition to the standard I/O lines, 
a further seven decoded Select lines are 
available, which together with the buf- 
fered control lines permit almost any 
type of device to be connected. A few 
of the planned devices which may be 
supported by the Hobby Bus are shown 
in Table 2. 


BACKPLANE 


Table 2. Support projects 


PROJECTS ISSUE 


SPEECH SYNTH 
ANALOGUE PORT 
BATTERY BACKED RAM 
MINI PRINTER 


ROBOT/SERVO CONTROLLER 
SBC-1 

KEYBOARD/DISPLAY MODULE 
EPROM PROGRAMMER 


TBD = To Be Decided 





BACKPLANE 


The PE Hobby Bus system is based 
around a 64-line backplane which al- 
lows up to seven uniquely addressed 
modules to be connected as well as a 
selection of other devices such as 
SBC’s, PSU’s or memory cards. 

Modules are connected to the system 
via DIN 41612 standard, 64-way a-c, 
connectors. The module p.c.b.s are 


‘standard size Eurocards (100mm x 


160mm) and module I/O connections 
are made via 15-way, D-type connec- 
tors. All components will be widely 
available and by using standard items, 
cost will be kept to a minimum. A 
schematic representation of the back- 
plane and module sockets is shown in 
Fig. 2. 

The on-board power supply, sup- 
plies 5V d.c. at around 750mA. This 
should be sufficient for most applica- 
tions but should more current be re- 
quired, this can be achieved via a plug- 
in module. Additional lines have been 
designated for other voltages for op- 
amp supplies, programming voltages 
and power fail requirements. 


CONNECTOR PIN 
ALLOCATIONS 


All of the designated signal lines are 
listed in Table 3. A brief description of 
some of their functions is given below. 
BAO0-BA9: These are the least signifi- 
cant 10 address lines. All connections 
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Fig. 2. Block diagram of the backplane 
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An industry standard backplane 


employing double Eurocard connectors 


to these lines should be via three-state 
buffers. 

DBBO-DBB7: These are the data 
transfer lines and are bi-directional via 
three-state buffers. 

I/O A and I/O B: These are two 8-bit 
I/O ports and may be used to commu- 
nicate with other modules or control 
peripheral devices. Strobe lines are 
also available. 

SCONT: The System Control line is 
used to give bus control to any other 
modules, especially SBC’s which may 
be used to control the Hobby Bus. 
SBSY: This line indicates that the host 
micro has control of the bus. 
SS0-SS7: These are the Slot Select 
lines used to select a particular module 
position (slot) on the bus. It should be 


noted that they are not available at all 
connector points. Seven connectors are 
designated as slots. Thus, Slot 1 would 
have SS1 available at pin 6, Slot 2 
would have SS2 available at pin 6, and 
so on, up to Slot 7. 

Next month we will publish Part | of 
the constructional series based on the 
PE Hobby Bus. This will include the 
complete circuit diagram and further 
details of system operation. 


THE STEbus (IEEE 1000) 
The 8-bit IEEE standard for all 
8-bit processors 


The STEbus is the only available 8- 
bit bus on a single Eurocard likely to 
gain full IEEE approval. It is now in 
the final stages of becoming the IEEE 
1000 standard. 

The IEEE 1000 bus was designed by 
engineers for engineers and was the 
result of a growing need for a compa- 
tible and flexible bus standard which 
could offer reliability and acceptance. 
As it now stands, the STEbus has 
become the one truly manufacturer 
independent standard, as a result of a 
team effort, from a number of engi- 
neers and consultants, from a variety 
of organisations. There are now manu- 
facturers and distributors of STE pro- 
ducts throughout the world, including 
the UK, Europe and the USA. 





Table 3. PE Hobby Bus System connection details 


Table 4. STEbus connector pin 


designations 


ADRSTB 
DATACK 
SYSERR 
ATNRQO 
ATNRQ2 
ATNRQ4 
ATNRQ6 
OV 
BUSRQO 
BUSAKO 
SYSCERK. 
—12V 
+5V 

OV 


SYSRST 
ATNRQI 
ATNRQ3 
ATNRQS5 
ATNRQ7 
BUSRQI1 
BUSAKI1 
+VSTBY 
+12V 
+5V 

OV 





Because of its popularity and accep- 
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BUFFERED 

ADDRESS 

LINES 
SS1-SS7 (SLOT SELECT) 
SBSY (SYSTEM BUSY) 


BUFFERED 


BI-DIRECTIONAL 


DATA BUS 


BUFFERED 
ADDRESS LINES 


1/O 
PORT A 


ASTB (PORT A STROBE) 


I/O 
PORT B 


BSTB (PORT B STROBE) 
WAIT 
RESET 


* RD/W (READ/WRITE LINE) 


* MREQ/RD (I/O CONTROL) 
SBC INT 

SBC RESET 

SBC HALT 

Votpy (STANDBY POWER) 
+5V 


=12V 

BA5 BUFFERED 

BA7 ADDRESS 

BAY LINES 

SCONT (SYSTEM CONTROL) 


BUFFERED 
BI-DIRECTIONA 
DATA BUS 


BUFFERED 
ADDRESS LINES 


1/O 
I/O A5 PORT A 
I/O A7 
ARDY (PORT A READY) 
I/O Bl 
I/O B3 1/O 
I/O BS PORT B 
I/O B7 
BRDY (PORT B READY) 
NMI 


HALT 
* 10RQ/@2 i kage: 


* SYNC/M1 (I/O CONTROL) 
SBC WAIT 


SBC NMI 


PSUMON (PSU MONITOR) 
Vpcm (PROGRAM SUPPLY) 
+5V 





tance in industry, PE has decided to 
adopt the IEEE 1000. There are al- 
ready 100’s of products available for 
the standard including SBC’s, digital 
and analogue cards, power supplies, 
memory cards and disk controllers. As 
well as these, PE will be publishing a 
number of designs which will all be 
compatible. 


BUS FEATURES 


The STEbus works with any 8-bit 
microprocessor using both synchro- 
nous and asynchronous, non-multi- 
plexed data transfer. It has a multi-user 
capability with eight attention request 
levels and an interrupt acknowledge 
cycle. Up to 1Mbyte of memory can be 
addressed with 8-bit data transfer at 
5—-6MHz bandwidth. 

Power supply requirements are +5V, 
OV and +12V. All the signal and 
power lines are available on a 64-way 
backplane with 64-way a and c connec- 
tors conforming to DIN standard 
41612. The module cards are based 
around a single Eurocard (100mm x 
160mm) format and completed as- 
semblies may be mounted in 19 inch 
rack systems. A complete list of STE- 
bus Signals and pin designations is 
shown in Table 4. These will be des- 
cribed in greater detail in forthcoming 
projects. IPE 
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I-PAK BARGAINS 


VALUE PACKS 


Description 

Assorted Resistors Mixed Types 
Carbon Resistors '4-'2 Watt Pre-Formed 
/8 Watt Min Carbon Resistors Mixed 
/2-1 Watt Resistors Mixed 

Assorted Capacitors All Types 

Ceramic Caps. Miniature — Mixed 

Mixed Ceramic Disc. 1pf-56pf 

Mixed Ceramic Disc. 68pf-0.15pf 

Assorted Polyester/Polystyrene Caps 

C280 Caps. Metal Foil Mixed 
Electrolytics — All Sorts 

Electrolytics .47mf-150mf Mixed Vits 
Electrolytics 150mf-1000mf Mixed Vits 
Silver Mica Caps. Mixed Values 
.01/250v Min Layer Metal Caps. 
Wirewound Res. Mixed Wand Values 
Metres PVC Se Strand Wire Mixed Cols 
Metres PVC Multi Strand Wire Mixed Cols 
Metres PVC Single/Multi Strand Wire 
Rocker Switches 2a 240V 

Assorted Switches Slider/Push Etc 

Sq Inches Total Copper Clad Board 
40mm Slider Pots. 100K Lin 

.125" Clear Showing Red LED's 

Mixed Shape and Colours LED's 
Small .125” Red LED's 

Large .2” Red LED's 

Rectangular .2” Red LED's 

Asst Vits Zeners 250mw-2w 

Asst Volts 10w Zeners Coded 


Description 


Pairs NPN/PNP Plastic Power Trans. Data 4a 


2 
© 


2 
VP173 


Asst Sil. Rects. 1a-10a Mixed Vlts 

NPN Sil. Switching Trans TO-18 - T0-92 

PNP Sil. Switching Trans T0-18 - T0-92 

Asst Audio Plugs Phono-Din-Jack Etc 

Asst Audio Skts Phono-Din-Jack Etc 

Asst |.C. Dil Skts 8-40 Pin 

1.C.s 4116 Memary's 

Semiconductors From Around the World 

Opto Special Pack. Assorted 

Hybrid LED Colour Displays 

Asst. |.C.s Coded, Linear, Etc 

All Sorts Transistors NPN/PNP 

BC183B Sil. Trans. NPN 30v 200mA Hfe240+ 
BC171B Sil. Trans. NPN 45v 100mA Hfe240+ 
TIS9O Sil. Trans. NPN 40v 400mA Hfe100+ 
TIS91 Sil. Trans. PNP 40v 400mA Hfe100+ 
MPSAS56 Sil. Trans. PNP 80v 800mA Hfe50+ 
BF595 Sil. Trans. NPN Equvt.BF184 H.F. 

BF495 Sil. Trans. NPN Eqvt.BF173 H.-F. 
ZTX500 Series Sil. Trans. PNP Plastic 

ZTX107 Sil. Trans. NPN eqvt.BC107 Plastic 
ZTX108 Sil. Trans. NPN eqvt.BC108 Plastic 
£5024 Sil. Trans. PNP eqvt.BC214L 

BC183L Sil. Trans. NPN 30v 200mA 

BC478 eqvt. BCY71 PNP Sil. Trans. 

BXS21 eqvt. BC394 NPN Sil. Trans. 80v 50mA 
Assorted Power Trans. NPN/PNP Coded & Data 
BF355 NPN TO-39 Sil. Trans. eqvt.BF258 225v 100mA 
SM1502 PNP T039 Sil. Trans. 100v 100mA Hfe100+ 
De-soldered Silicon Trans from boards all good 


See ee RARE: 
Sssssssssssssssss 


TECASBOTY ’86 


THE ELECTRONIC COMPONENTS AND 
SEMICONDUCTOR BARGAIN OF 
THE YEAR FOR 1986 


A ‘abi of Components and Semiconductors for the 
hobbyist, bigger and better than ever before. Unbeat- 
able value and Bi-Pak’s money back guarantee if not 
completely satisfied. You get, in every parcel, a selec- 
tion of the following: Resistors, Carbon and Wirewound 
of Assorted Values; Capacitors, all types, sorts and 
sizes, including Electrolytics; Potentiometers, Single 
and Dual, Slider and Pre-set; Switches; Fuses; Knobs; 
Heatsinks; Wire; PCB Board; Plugs; Sockets; Etc. Plus 
a selection of Semiconductors for every day use in 
popular Hobby Projects, including Transistors, Diodes, 
SCR's, rectifiers, Zeners and |.C.s. In all, we estimate 
the value of this parcel, bought in current retail 
catalogues, to be well over £25. So help yourself to a 
great 1986 component surprise and order a box today. 
nly at Bi-Pak. 


Ring now on our Hot Line 


0763 48851 


and order with your Barclaycard or Access Card for 
immediate delivery. Order No: VP86, or post with 
cheque or P.0.s for this TECASBOTY '86. JUST £8.00 


5a SCR's 1066 50-400v Coded 

3a SCR's T066 Up to 400v Uncoded 

Sil. Diodes Like IN4148 

Sil. Diodes Like 0A200/BAX13/16 

1a IN4000 Diodes All Good Uncoded 

Sq Inches Total Copper FibreGlass Board 
Black Pointer Knobs '/4w Std 

Sil. Trans NPN Plastic Coded Data 

Sil. Trans PNP Plastic Coded Data 

TTL |.C.s All New Gates — Flip Flop — MSI Data 
CMOS |.C.s All New Inc Data 

Black Heatsinks Fit TO-3 T0-220 Drilled 
Power-Fin Heatsinks 2 X TO-3 2 X T0-66 
Asst Heatsinks T0-1-3-5-18-220 © 
BC107/8 NPN Transistors Good Uncoded 
BC177/8 PNP Transistors Good Uncoded 
Sil. Power Trans. Similar 2N3055 Uncoded 


BI-PAK PCB ETCHANT & DRILL KIT 

Complete PCB Kit Comprises: 

1 12v Mini Drill, 2 Twist Bits 

1 Sheet PCB Transfers, 1 Etch Resist Pen 

Y% |b Pack Ferric Chloride Crystals 

6 Sheets Copper Clad Board-Paper-Fibre Glass & 

Double Sided. 

Full instructions for making your own PCB Boards. 
Actual Retail Value £16. 


OUR SPECIAL PRICE £10.50 onLy 
Order No: VP81 


LED DISPLAYS 


RED 7 Seg. CC 14mm x 7.5mm RDP 
GREEN 7 9. CA 6" LDP 

RED 7 Seg. CC .6” LDP 

RED Over-flow .6" 3 x CA3 x CC 
GREEN Over-flow .6” CA 

RED 7 eg. CA .3” 

DUAL RED 7 Seg. .5” CA DL527 DPR 
DUAL RED 7 Seg. .51” CA DL727 DPR 
Assorted LED Displays — Our mix with Data 


CC = Common Cathode RDP = Right Hand Decimal Point 
CA = Common Anode LDP = Left Hand Decimal Point 


FND353 
XAN6520 
XAN6940 

6630/50 
XAN6530 
XAN3061 


BRRBRRBRR 
Sssssssse 


pa hx deal da had Bow pg dv a x fel dic dhl des pn Sw dis oe Ge fut fe at Bo! Bo hav ie gan gin ban ga 8 9 Gad Su Ba ud ht Se 2 had a Gad hl 4 Bg 
Swwnnnnam 


Pit YOY rey ERS. SY swell oa ER RY PRS PE ae WEY A RS TA ee Rl aT Ae eS VS TS a ae Pe ee RS Tea RE eR ee eee ee 


Send your orders to Dept PE BI-PAK PO BOX 6 WARE, HERTS 


TERMS CASH WITH ORDER, SAME DAY DESPATCH, ACCESS, 
BARCLAYCARD ALSO ACCEPTED. TEL 0763-48851. GIRO 388 7006 
ADD 15% VAT AND £1.00 PER ORDER POSTAGE AND PACKING 


Use your credit card. Ring us on 0763-48851 NOW 
and get your order even faster. Goods normaily 
sent 2nd Class Mail. 

Remember you must add VAT at 15% to your order. 
Total Postage add £1.00 per Total order. 


‘SAXON MOSFET AMPLIFIERS SAHON "SCO. UGHTING 
Nee, MONo oisco mixcR 


SLAVE MODEL . 
AP10010owRMS. £69 £49 Mic/Tape/2 Decks/Phones/ 
Black/White Facia, Jacks, etc. 


AP 200 200W RMS. £89 £79 
WY FOUR CHANNEL CHASER 


2 INPUT GEN Complete KIT 
PURP. MODEL set ONLY 
2 GS An Forward /Rev/Auto/4KW /Audio 
utputs — Bulai 
PA. MODEL p gin & Ropelight Socket 


AP100 (m) £99 £69 eMSSy Vans 


AP200 (m) £119 £89 
Free Standing — Light Unit — Self- 
contained — Internal Mic — 4 Bulbs 


>.¢ 8 CHANNEL CHASER 


32 Programs — Dim — 1KW/Channel 
Audio Input — Manual/Auto Prog 
includes 19” Pack Mounting Case 


> @ 2KW PROFESSIONAL DIMMER 


Z2KW Inductive/Resistive Output 
Indicator/Panel Fuse — Flash Button 
4‘u’ Sub Rack Unit 


> ¢ 4x2KW POWER PACK 


Accepts O—10V and Mains Level 
, ; Inputs — Professional Finish — Fully 
Reprint of article on request. 


(N.B. HYPERCHASER + STAR DESK AVAILABLE AS KITS ONLY) Fused — Slave Output 


(01) CRODAR LTD 


327 WHITEHORSE ROAD, CROYDON, SURREY CRO 2HS 
ALL PRICES INC. VAT ADD £1.50 p&p 


COMPLETE 
KIT 


COMPLETE 
KIT 


COMPLETE 
* 6 INPUTS * 3 CHANNELS * ECHO IN 


* TREBLE/BASS EACH CHANNEL x | 
%* MASTER PRESENCE nde 


Write or phone for a FREE BROCHURE on these incredible amplifiers 


P.E. HYPERCHASER £84.95 


| 4 CHANNEL PSEUDO INTELLIGENT 
3 LIGHT UNIT 
4 %*& 16 Programmes % Manual Flash Buttons 
%& Manual/Auto Programme & Strobe Outputs 
My 4 Individual Dimming %* Sound To Light 


rehensive effects unit. A full kit of parts includi i 
Case, etc. Reprint of article on request. nares er ae 


g P.E. STAR DESK £209 


| 8 + 4 CHANNEL LIGHT MIXING DESK 
%* Channel Twin Preset Mixer = %& Strobe Outputs 
% 4 Independent Channels % 4/8 Channel Sequences 
% 8 Programmes %& Manual Flash Buttons 
%& 1KW Output/Channel (can be boosted to 2KW/Ch) 
%* Timed Crossfade % Soft/Hard Sequence 


Aad 
VIDUAL VOLUMES 


COMPLETE 
KIT 


COMPLETE 
KIT 


COMPETE 
KIT 


9am-5pm 
MON-SAT 


(closed Wed.) 
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CONSTRUCTIONAL PROJECT 


STE-BUS 


POWER SUPPLY 


BY FARIBA SANIEENEJAD 


An STE compatible PSU with extra features 
including battery back-up and variable o/p 


The STEbus power supply require- 
ments are: +5V, +12V, OV and Vstby. 
Current limits are not dictated in the 
standard, but are left to user require- 
ments. Since the bus is designed to 
facilitate logic-based cards and 
modules, the 5V rail will cater for the 
greatest current demand. 

The dual 12V supply will probably 
be used for analogue circuits and the 
stand-by rail for low current back up of 
static RAM. In addition to the speci- 
fied power rails, in this design, to cater 
for EPROM programming, an addi- 
tional variable voltage supply is avail- 
able. The specifications of the p.s.u. 
are shown in Table 1. 


Table 1. P.s.u. specifications 





DESIGN 
CONSIDERATIONS 


Whilst. many of the commercially 
available p.s.u.s for the STEbus may be 
of advanced technical design (often 
switch mode operation), the emphasis 
in this project lies in simplicity and 
reliability. Voltage regulation is 
achieved through the use of standard, 
readily available components. 

As the unit is designed, primarily, to 
power microprocessor based circuits, a 
toroidal transformer was used, which 
offers low noise and EMI characteris- 
tics, and obvious size advantages. The 
cost of these devices is almost down to 
that of traditional transformers. 

The PE P1000 Standard construc- 
tional series is based around a 19 inch 
Eurocard sub-rack system which is 
available from a number of suppliers. 
However, it is not absolutely necessary 
to use this system, as a simple back 
plane and separate p.s.u. will do the 
job, but at the expense of a professional 
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finish. If the sub-rack system is adopt- 
ed, then this project will fit, snugly, 
into a 20E Eurocard module, giving an 
extremely neat appearance. The sub- 
rack system and slide-in module is 
shown in Photo | (part assembled) and 
Photo 2 (assembled). In both, the back 
plane is not shown. More will be said 
about Eurocards and sub-racks in Part 
2, next month. 


CIRCUIT OPERATION 


Fig. 1. shows the complete circuit 
diagram of the P1000 Standard Power 
Supply Unit. T1 is fed from the mains 
via a two pole, on/off switch which 
may be used to power down the sys- 
tem. The secondary winding of T1 is 
centre tapped to provide 18V RMS + 
18V RMS via a semi delay 3A fuse. A 
semi delay type was used to allow for 
current surges on power up. 

REC1, rectifies the low voltage a.c. 
to give approximately 36 x 1-41V 
(RMS conversion factor ~ 1-41) peak 
to peak. This is equivalent to plus and 
minus 25-5V peak with respect to the 
centre tap, OV. Cl-C3 provides 
smoothing giving an unregulated d.c. 
supply with a small (hopefully) ripple 
content depending upon the current 
demand of the unit. 

The +12V supplies are straight for- 
ward in their operation, relying simply 
on IC3 and ICS, 78 and 79 series 
regulators. Although these devices are 
capable of supplying up to about IA, 
with suitable heat sinks, the +12V 





Photo 1. 19 inch rack assembly (part 
assembled) 





Photo 2. 19 inch rack assembly and 
module 


supply in this design, is only intended 
to supply around 200mA. Keeping to 
this limit, no heat sinks are required as 
the maximum power developed in 
them will be about 2:8W, which is well 
within their dissipation capabilities. 

As said previously, most of the cur- 
rent taken from the supply will pass 
through the 5V regulator. To reduce 
the power requirement of this device, 
it is fed via a 3-3Q, 17W resistor, R3. 
As more current flows through the 
regulator and thus the resistor, the 
potential across IC1 decreases thereby 
limiting the power developed. 

Also to keep the temperature of the 
regulator down to an acceptable level, 
a 5°C/W heat sink is used. ICI is 
internally protected but as an added 
precaution to protect both the p.s.u. 
and the load, a 2A fuse is included in 
the output. 


PROGRAMMING AND 
STANDBY VOLTAGES 


An adjustable ‘programming’ volt- 
age (2-24V) is supplied via IC4, an 
LM317L variable voltage regulator 
which is capable of supplying up to 
100mA. The output is adjusted by VR2 
and is given by: 


Vout = 1:25 (1 + VR2/R8) 


The Vpgm voltage should be preset to 
the required level for a specific pur- 
pose, such as 21V for certain types of 
EPROM. 


PRACTICAL ELECTRONICS APRIL 1986 


STE-BUS POWER SUPPLY 


% ‘SEE. TEXT 
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O/P 
DIRECT 


TO 
BACK 
PLANE 
OR 
SOCKET 


It is likely that, at some time, the 
p.s.u. will be required to supply vola- 
tile memory devices whose contents 
are important. Under these circum- 
stances, it is wise to arrange a back-up 
supply should the mains fail. In this 
design, a 5V standby supply is avail- 
able from a Ni-Cad battery and a low 
power regulator, IC2. 

When power is supplied to the board 
via Tl, the base-emitter junction of 
TR2 is in reverse bias due to the 
current through D2 and R5. Under 
these conditions, Bl cannot supply 
current to IC2. Should the supply be 
switched off or inadvertently discon- 
nected, Cl will discharge. When the 
voltage across Cl falls to approx. 8V, 
TR2 will conduct and IC2 will provide 
stand-by current. 


CHARGING 


A Ni-Cad battery was chosen for 
back-up as it can be automatically 
charged when power is supplied to the 
p.S.u., i.e., in normal use. The maxi- 
mum constant charge rate for B1 is 
quoted as 1-l!mA. This can be preset 
via VR1 and checked using a 
multimeter. 

VRI, Dil, R2 and TRI form a 
constant current source. As current 
passes through R2 and VR1, the volt- 
age present at the emitter of TR1 will 
fall. When this falls to around 10V, 
TRI1 will be in reverse bias and the 
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Fig. 2. P.c.b. design and component overlay 


STE-BUS POWER SUPPLY 


G3 “Ve 


TI AC 


C3+VE 


OV (CHASSIS) 


TI AC 


T1 CENTRE 
(OV) 


B1-VE (OV) 


OV (GND) 


B1i+VE 


V STBY 


+ SV 


+5V 


VPG 


(VARIABLE) 
+12V 


—12V 








current through R2 and VR1 will fall. 
In this way, the current will find a 
natural level, dependent on the setting 
of VRI1. If battery back-up is not 
required, simply disconnect B1. 

D3, D4 and D6 are low current 
l.e.d.s which act as supervisory indica- 
tors. Under normal conditions, D3 and 
D6 should be illuminated and under 
mains failure, D4 should light. If either 
of the 12V rails fail, D6 will be unlit 
but D3 should remain illuminated. 


CONSTRUCTION 


The p.c.b. design and component 
layout 1s shown in Fig. 2. Construction 
and assembly should be fairly simple, 
but good workmanship is essential if 
errors and faults are to be avoided. 
Before mounting any of the compon- 
ents, drill the required holes for IC1. 
Smaller components such as resistors 
(not R3) should be mounted first, 
followed by the transistors, regulators 
(not IC1) and pre-sets. 

The smaller capacitors (non-electro- 
lytic) should be mounted next, fol- 
lowed by C1 to C3 and R3. Lastly, IC1 
should be mounted. This component 
should be carefully positioned (with 
heat sink compound) together with the 
heat sink over its mounting holes, 
making sure that the input and output 
connections do not touch the heat sink. 
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Photo 3. A typical STEbus backplane 








The i.c. should then be bolted down 
and soldered in place. Note, that in this 
design, the case of ICI is used as a 
ground connection for D3 and D4 
cathodes, so it is essential that metal 
nuts and bolts are used, making good 
contact with the p.c.b. tracks. 


HOUSING 


If the p.s.u. is not being used as part 
of the PE IEEE P1000 system, or not 


being module mounted, then the board 


together with C3, B1, Tl and S1 may 


be fitted into any suitable case. How- 
ever, if a Eurocard module is to be 
used, as it probably is, then mounting 
details are critical. 


NEXT MONTH, this series continues 
with details of the rack system, STEbus 
back plane and final constructional 
details of the p.s.u. 
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BBC MICRO FORUM 


BY RAY STUART 


This month, Forum takes a look at 
the circuitry behind the 1MHz bus 


Most computers allow user access to 
the main address, data and control 
buses via some form of interface and 
the BBC microcomputer is no excep- 
tion. The interface in this case 1s called 
the 1MHz bus and provides the user 
with a powerful yet easily used method 
of expanding the system. It is this 
interface that will be discussed in this 
month’s BBC Micro Forum. 


IMHz BUS 


The 6502 CPU used in the BBC 
microcomputer is designed to run at 
2MHz when accessing its own 
- memory. However, a number of peri- 
pheral devices, such as VIAs, will not 
function correctly at this speed and 
therefore require a lower clock rate. 
The BBC microcomputer allows such 
devices to be used via this bus by 
adjusting the clock frequency to 1MHz 
whenever it is accessed; hence the 
name of the bus. 


KEY WAY 


ae 1 


GRR 
©0o00CO6hUcOWUlcOlUCOOlUCUCOUCOOUCUCOOWUUCOUCOUCOUCOOUCUCOUCUCOUlUCUO 
9: 1. Oi O28 OES OER Oi OOO Oe. On OO eo 


(VIEWED FROM FRONT OF COMPUTER) 


Fig. 1. [DC connections 


Connection to the bus 1s by means of 
a 34-way IDC ribbon cable connector 
as shown in Fig. 1. Reference to the pin 
functions in Table | shows that the bus 
consists of eight data lines, eight ad- 
dress lines, seven control lines and an 
analogue input which allow access to 
the computer’s audio circuit. 

At first sight the provision of only 
eight address lines would appear to 
somewhat limit the usefulness of the 
bus by allowing only 256 bytes of 
memory to be accessed. However, this 
is far from the truth as it can be used to 
address an extra 64K bytes of external 
memory. The mechanism that allows 
this will be explained later. 


CIRCUIT DESCRIPTION 


A schematic of the bus circuitry is 
shown in Fig. 2. The BBC microcom- 
puter’s internal address and data bus is 
buffered before being directed to the 
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Table 1. 
functions 


PIN|FUNCTION FUNCTION 


IMHz bus connector pin 





Q) q) 
Z Z 
0 0 
E B 
aw ON 
2) 

>] >>] 2s |5|51 
o) 





output connector. A 74LS244 buffers 
the eight uni-directional address lines 
and a 74LS245 buffers the eight bi- 
directional data lines. ae 

The 6502 generates a R/W signal to 
inform the system if it is reading or 
writing data. This is also buffered and 
used to control the data direction input 
of the 74LS245 before being applied to 
the 1MHz bus connector. When power 
is applied to the BBC microcomputer, 
it generates a reset pulse, called NRST, 
that is used to synchronize the system. 
Most peripheral devices connected to 
the 1MHz bus may also have to be 
synchronized to the main system, for 
example when break is pressed, thus 
this signal is also provided on the 
1 MHz bus connector. 

The 6502 CPU provides two inter- 
rupt lines, NNMI and NIRQ. These 
allow the current operation to be sus- 
pended and one of a higher priority to 
be undertaken. However, the interrupt 
routines are vectored via addresses 
stored in the computer’s RAM. These 
are set when the system is initialised or 
when a ROM is called. Therefore if one 
wishes to use these interrupts one 
should do so with care otherwise the 
system may crash. 

The 1 MHz bus is allocated two pages 
in the BBC microcomputer’s memory 


map, pages FC and FD. The main 
decode circuitry provides two control 
lines to indicate to the 1MHz bus when 
it wants to access it. They are desig- 
nated NPGFC for address range 
&FCOO-&FCFF, and NPGFD for ad- 
dress ranges &FDOO-&FDFF. It will 
be noted that each signal therefore 
represents a range of 256 bytes. Acorn 
have chosen to call these address 
ranges by the two names FRED and 


_JIM, where FRED = NPGFC and JIM 


= NPGFD. 


CLEAN FRED AND 
JIM SIGNALS 


Normally the BBC microcomputer’s 
6502 CPU runs at 2MHz. However, 
when the 1MHz bus is addressed, the 
system changes the clock to 1MHz as 
stated above. This has the effect of 
producing “glitches” on the FRED and 
JIM select lines. It is possible that these 
glitches could cause the external hard- 
ware to believe that data is valid when 
in fact it is not. Thus spurious data 
could be transferred across the 1MHz 


SYSTEM 
ADDRESS BUS 
Ag-A7 


ADDRESS BUS BUFFER 
(7L4LS244) 


SYSTEM 


TO SYSTEM INTERNAL BUS 


(74LS245) 
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Fig. 2. Bus circuitry 
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Table 2. Fred memory map (Acorn) 


ADDRESS ALLOCATION 
FCOO-FCOF|TEST HARDWARE 
FC10-FC13 |TELETEXT 
FC14-FCIF |PRESTEL 
FC20-FC27 |IEEE 488 


FC30-FC3F [CAMBRIDGE RING 
~ TEST HARDWARE 
FCCO-FCFE|USER APPLICATIONS 


EXTENDED PAGE 
REGISTER 


PCFE 


bus. Obviously this state of affairs 
cannot be allowed and is easily over- 
come by using the circuit shown in 
Fig. 3. This circuit is implemented 
using a single 74LS02 and although it 
does not remove every glitch, for most 
applications, it allows correct 
operation. 


FRED 


It is allowable for more than one 
external unit to be connected to the 
1MHz bus at the same time. Should 
they both occupy the same address 
range, e.g. &FCO0-&FCOF, they would 
both attempt to send data to the data 
bus thereby causing it to crash. Acorn 
have therefore allocated specific areas 
of FRED for specific applications. 
These include Acorn’s own Teletext, 
Prestel and IEEE interfaces, and their 
memory allocations are shown in 
Table 2. 

It will be noticed that this allocation 
provides the user with only 63 bytes. 
This may appear to severely limit the 
usefulness of the 1MHz bus. However, 
if one considers some of the peripheral 
interface chips available, then the 
actual number of input/output lines 
that can be provided is considerable. 
Take for example the Intel 8255. This 
chip provides three 8-bit ports, 1.e. 24 
input/output lines, yet only requires 
four memory locations. Thus some 
fifteen 8255 could be mapped into this 
area providing some 360 independent 
input/output lines. This should prove 
adequate for all but the most ambitious 
of applications. 

If you are designing hardware peri- 
pherals for your own use then you are 
free to use whatever FRED or JIM 
memory locations you wish. However, 
if there is any possibility that other 
1MHz bus peripherals could be used 
with the same BBC microcomputer or 
the peripheral is to be used by someone 
else, then the memory map specified 
by Acorn should be adhered to. This 
will prevent data bus conflicts and 
consequent system crashes. Once the 
software and peripheral address decod- 
ing has been designed, it is most 
frustrating to have to redesign it for 
future applications. 
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JIM AND THE 
PAGING REGISTER 


The upper memory location in 
FRED is allocated for what is known as 
the Paging Register and it is this that 
allows the bus to address 64K bytes of 
memory with the aid of a hardware 
latch. Whenever this latch is addressed 
it stores whatever data is present on the 
data bus. If it is arranged for this data 
to represent the A,—A,, address lines of 
a 16-bit address then it can be used in 
conjunction with the A,—A, address 
lines of JIM to produce a 16-bit ad- 
dress, and hence access 64K bytes of 
memory. This extra memory is re- 
ferred to as Extended Page Memory. 
Acorn have allocated certain address 
locations for specific applications as 
indicated in Table 3. Although 32K 
bytes are allocated for system use by 
Acorn, there are still 32K bytes avail- 
able for user applications. Thus the 
1MHz bus is far more powerful than 
first impressions would indicate. 


CNPFC 
(CNPFD) 





Fig. 3. Clean-up circuit 


It is a condition of using the paging 
register that it be set to zero when the 
BBC microcomputer is switched on or 
when a keyboard break is issued. A 
suitable circuit for the paging register 
latch is shown in Fig. 4. 

The 74LS133 is a 13-input NAND 
gate. Only when all its inputs are Logic 
1 will its output be Logic 0. As three 
inputs are connected to +5V and the 
other eight inputs connected to 
FRED’s address lines, the 1 MHz signal 
and CNPGFC (via an invertor), the 
output will only be Logic 0 for address 
&FCFF. The data bus is applied to the 
input pins on the 74LS273, an eight bit 
latch. When the 74LS273’s clock (pin 
11) is taken to Logic O it latches the 
data present on its input pins. Thus the 
circuit stores the upper eight address 
lines of the extended page memory 
address. 

The 74LS273 also has a clear input 
(pin 1) which when taken to Logic 0 


Table 3. Extended page memory map 
(Acorn) 






ADDRESS ALLOCATION 
0000-7FFF {SYSTEM 


S 
8000-FFFF |USER APPLICATIONS 
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Fig. 4. Paging register latch 


clears the latches so that the output is 
zero. The NRST line is therefore con- 
nected to this to implement the break 
condition mentioned above. 


HARDWARE 
CONSIDERATIONS 


Acorn have specified certain stan- 
dards to which hardware connected to 
the 1MHz bus should conform. These 
are specified so that correct and reli- 
able operation is ensured and they are 
discussed below. 

The 1MHz bus lines should be 
loaded with no more than one LS TTL 
load. In practice this implies that for 
most peripherals the 1MHz bus should 
be buffered. Similar circuitry to that 
inside the BBC microcomputer can be 
used. A 74LS244 can be used for the 
address bus buffer and a 74LS245 used 
to buffer the data bus. The remainder 
of the signal lines, with the exception 
of the interrupt and the analogue lines 
can be buffered using a 74LS04. 

All bus lines except NRST, NIRQ, 
NNMI should be terminated or have 
the provision to be terminated. The 
recommended termination is to con- 
nect these lines to +5V with a 2k2 
resistor and to ground with a 2k2 
resistor. The easiest method to achieve 
this is to use S$.1.]. resistor packs. 

The recommended method of con- 
necting peripherals to the BBC micro- 
computer’s 1MHz bus connector is via 
34-way ribbon cable fitted with 34-way 
IDC connectors. The _ peripheral 
should provide an additional socket to 
allow further peripherals to be con- 
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nected to the 1MHz bus. The recom- 
mended length is 600mm, but longer 
cables have been used with some peri- 
pherals without loss of performance 
or reliability. In some cases several 
metres of cable have been used with 
no ill effects. 

It is recommended that peripherals 
should be self powered, i.e. fitted with 
their own mains power supply. How- 
ever, peripherals have been built that 
use the BBC microcomputer’s own 
power supply without problems. 


SOFTWARE 
CONSIDERATIONS 


Driving the 1MHz bus is relatively 
easy as it can be regarded as a range of 
memory addresses and accessed by 
means of the indirect operator “*?”’. For 
example data can be written to the 
1MHz bus at, say, address &FCO9 as 
follows: ?&FC09 = DATA. In a similar 
manner, to read the contents of the 
memory location one could use DATA 
= ?&FC09. 

However the BBC microcomputer’s 
operating system provides four OS- 
BYTEs that are specifically designed to 
read/write data from/to the 1MHz bus. 
These are: 

OSBYTE &92 read FRED 
OSBYTE &93 write FRED 
OSBYTE &94 read JIM 
OSBYTE &95 write JIM 

On entry, X should contain the 
offset from the start of the page (FRED 
or JIM), e.g. to read/write to address 
&FC46 X would contain &46 and the 
page would be FRED. For a write 
command, Y should contain the data 
byte to be written, and for a read 
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Program 1. Simple 1MHz bus operation 


HAHA AAA AA KAA A A AE AEA EE AEE EA AE AEA EK AA A EE AEA EAE EK 


BBC 1MHz Bus interface 


Ray Stuart 


January 1985 


HRA AKA AA AA A A AEA AACA AE AE AEA AE AEA EE AEA HE HEA AEA HA AAA HE EE EK EE A 


DEFPROC write fred (offset%,byte%) 
X%=offset%:Y¢=byte:At=&93:CALL &FFF4 


ENDPROC 


DEFPROC write jim (offset%,byte%) 
X%=of fset%: Y%=bytes :AS=&95 : CALL&FFF4 


ENDPROC 


DEFPROC paging register (byte%) 
X%=8&FF : Y%=byte%:A%=&93:CALL &FFF4 


ENDPROC 


DEFFN read fred (offset%) 
LOCAL Z% 


X=offset% :At=&92 : ZS=USR ( &FFF4 ) 


=(Z% AND &FF0000) DIV &10000 


DEFFN_read_jim_ (offsets) 
LOCAL 2% 


X%=offset%:At=&94 : Z%=USR( &FFF4) 


=(Z% AND &FF0000) DIV &10000 


operation, Y will contain the data byte 
read. Note the CALL address for 
OSBYTE is &FFF4. 

Thus one can construct five modu- 
les, three procedures and two functions 








that can be used in programmes. The 
function command “FN” will always 
return a result and is therefore used to 
read from the 1MHz bus. These mo- 
dules are shown in Program 1. 

First let us consider the write proce- 
dures for FRED, JIM and the Paging 
register. All three procedures are simi- 
lar and use the same variable names. 
The variable “offset%” is the lower 


byte of the address to be accessed and 


the variable “‘byte%”’ is the value to be 
written to the address. The “‘offset%” 
variable is not required for PROC_ 
paging_register as it is fixed at &FF. 
For example “‘offset%’’ would be &56 
if the address were &FC56. Note this is 
sometimes also referred to as FRED 
&56. Thus to write &34 into address 
&FC89 (FRED&89) use 
PROC_write_fred_(&98,&34) 

The two functions are also similar 
and as with the procedures use the 
same variables. 

The variable “‘offset%”’ refers to the 
lower address byte “Z%’’ representing 
the returned value. However, this val- 
ue 1s returned as a four byte value with 
the third most significant byte being 
the valve we require. The returned 
value is thus ANDed with &FF0000 to 
set the unwanted bytes to zero and 
DIVed by &10000 to produce the 
required single byte. Gi 
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CONSTRUCTION UPDATE 





BY TEBOX UPDATE 


Modifications and further design 


The Bytebox project published in 
October-November 1985 is probably 
the most popular of recent PE projects. 
It has stimulated a great deal of re- 
sponse from readers who intend to, or 
have built it—most with success. From 
this response, we have learnt of a few 
modifications which may be of further 
interest to Bytebox owners. 





UPDATE ONE 
By J. R. KELLY 





In successfully completing the Byte- 

box I experienced a few problems 
which I thought should be brought to 
your attention. 
1. The EPROM circuit board (009) 
needs a shorting link between pins 27 
and 28 on IC 302 to conform with the 
circuit diagram. Otherwise the com- 
puter will not necessarily access the 
lower 8K of the ROM. 





Fig. 1. Using positive feedback 


2. The battery backed RAM circuit 
does not always work effectively. At 
least mine did not. 

The frequency response of the BC 
109 is quoted in the catalogues as 
300MHz in common base mode. In 
common emitter, as in the published 
circuit, the frequency response is 
roughly this figure divided by the 
current gain, which with a low gain 
device gives about 2MHz at best. The 
transistors in the circuit are expected 
to pass pulses of one half microsecond 
width, but since they are connected in 
common emitter without feedback this 
is not possible. Inspection with an 
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ideas for the Bytebox 


oscilloscope confirmed this. The pulses 
were present at pin 6 of the 74LS00 but 
were not getting through the transis- 
tors. By putting speedup capacitors 
across R203 and R205 a rudimentary 
pulse appeared but nothing like good 
enough to operate the system. The 
circuit of Fig. 1, using a common base 
input stage followed by an emitter 





Fig. 2. Battery charging circuit changes 


circuit is shown in Fig. 2 complete with 
the new components. 

As the battery voltage falls, the bias 
voltage on TR3 increases and more 
charging current is supplied. The diode 
can be any small signal general purpose 
silicon type and the transistors used 
were plastic BC 107s although almost 
any small signal type would do. 


TO 74LS00 





follower output with overall a.c. posi- 
tive feedback, works very well. 

With the computer switched off, 
TRI is unbiased and not conducting 
and TR2 adds about 10 microamps to 
the battery drain. From Mr Stuart’s 
figures this should give a battery life of 
80 days instead of 100 days. 

In the course of developing this 
circuit I had redesigned the battery 
charging circuit and, to reduce biasing 
problems, used it to run the 74LS00 
from the battery voltage. The complete 


~The bias for TR1 must be low im- 
pedance since it is in common base 
mode but if a decoupling capacitor is 
used in the conventional fashion then a 
time delay is introduced and the first 
few bytes from &8000 do not get 
programmed. By keeping the bias 
purely resistive this problem was over- 
come, which is why the bias resistors 
are lower than normal. 

If the original charging circuit is 
used then Rb! should be 18K and Rb2 
10k. The whole circuit is on a piece of 


PIN 27 ON RAM 





ALTERNATIVE SWITCHING 


NORMAL 
eS 
4 


PROTECT S2 


WRITE PROTECT 


' \ aula ON RAM 


———< ‘| { 
READ PROTECT 


Fig. 3. Read protect facility using rehashed logic 
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Veroboard 1-5 by 0:8 inches supported 
at the side of the original board by its 
connecting wires. 

3. By rehashing the logic I have provi- 
ded a read protect facility as well as a 
write protect with only three of the 
gates in the 74LSO0. 

Pin 27 is controlled by the R/W 
output of the 6502 and is at logic 0 for 
a write and logic | for a read operation. 
A logic 0 on pin 4 will force a logic 1 on 
pin 6, deselecting the RAM. By invert- 
ing the read signal and applying it to 
pin 4 the chip is deselected during a 
read operation but can still be written 
to, thus enabling you to regain key- 
board control and flush out the RAM 
after what might have otherwise been a 
catastrophic crash. 





UPDATE TWO: 
By RAY STUART 





I do not agree with all of Mr Kelly’s 
comments. The prototype battery 
backed RAM board did work. I have, 
however, heard that some people have 
experienced problems. Whilst I think 
that Mr. Kelly’s circuit will work (I have 
not tried it myself), I would like to offer 
my solution which is even simpler than 
the original circuit. This is shown in 
Fig. 4. 

Mr. Kelly’s modification to the write 
protect circuit is amusing, but I cannot 
think why one might want a read 
protected RAM, unless it’s his vision of 
a black hole! 

There is another simple addition that 
has proved useful to me which I think 
will be of interest to others. When 
developing some software to run from 
sideways ROM, it is useful to test it in 
sideway RAM before committing it to 
ROM. Should one get the software 
wrong and effectively put rubbish into 
the RAM the system can see this as 
commands, and crash. Once this hap- 
pens it is impossible to clear by switch- 
ing off as it is battery backed. The only 
way of clearing the rubbish is to remove 
the card. Obviously this is annoying. 
The addition I suggest is to fit a second 
switch to allow the battery to be discon- 
nected and the RAM to be powered by 
the BBC’s +5V line directly. This addi- 
tion is detailed in Fig. 4. 


Constructors’ Note 
A complete kit of parts for the 


Bytebox is available from: Peri- 
pheral Projects, 25 Braycourt Ave, 
Walton-on-Thames, Surrey. 
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BYTEBOX UPDATE 
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Fig. 4. Author’s solution and original circuit 
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CONSTRUCTIONAL PROJECT 





TEMPERATURE-ANALOGUE 


INTERFACE 


BY R. A. PENFOLD 


Two-channel temperature interface 
plus dual analogue ports for the 
Amstrad and the Spectrum 


Br interface was designed to give 
the Amstrad CPC464 computer 
four analogue inputs, two of which are 
intended for use with semiconductor 
temperature sensors to give a measur- 
ing range of 0 to 51 degrees Centigrade 
with 0-2 degree resolution. However, 
the unit can be used as a straight- 
forward four channel analogue to digi- 
tal converter if desired. 

Although the unit was not designed 
with the Spectrum computer in mind, 
it has been tried with this computer 
and worked perfectly well. The only 
modification required for use with the 
Spectrum is the use of a different edge 
connector. 

The two analogue inputs have a full 
scale sensitivity of 1-2V and can be 
used together to provide a single differ- 
ential input. If the inputs for the two 
temperature sensors are used as ordi- 
nary analogue inputs they have a full 
scale value which is adjustable from 
about 350mV to 1-2V. The sensitivity 
of each channel is individually ad- 
justable. All four channels offer an 
accuracy of plus and minus | L.s.b. 


SYSTEM OPERATION 


A circuit of this type could be quite 
complex, but in this case things are 
kept remarkably simple by using a 
modern four-channel analogue to digi- 
tal converter chip (the ADC0844CCN) 
and an equally modern temperature 
sensor chip (the LM35DZ). Fig. 1 
shows the block diagram for the inter- 
face, and several of these blocks rep- 
resent the internal circuit of the 
ADC0844CCN. 

At the heart of the unit is the single 
successive approximation converter of 
the ADC0844CCN. The way in which 
this type of converter functions has 
been described in previous articles in 
this magazine, and we will not consider 
this aspect of the unit in detail here. 
While not providing ultra-fast conver- 
sions, the successive approximation 
technique 1s reasonably fast and can be 
achieved by a relatively low cost de- 
vice. In the case of the ADC0844CCN 
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the conversion time is no more than 
40us, and at 25 degrees Centigrade is 
typically 30us. This enables up to 
about 25000 conversions per second to 
be achieved, which is more than ade- 
quate for the vast majority of applica- 


‘tions. The reason for the exact conver- 


sion time being temperature 
dependent is that the ADC0844CCN 
has a built in clock oscillator which 
includes on chip timing components. 
The lack of frequency stability that this 
inevitably produces is of little practical 
importance, and it helps to minimise 
the number of discrete components 
that are needed. 


AMPLIFIER MULTIPLEXER 


O 
TEMP INPUTS 
O 


AMPLIFIER 


Fig. 1. Block diagram 





A four-channel analogue multiplexer 
ahead of the converter provides the 
unit with its four input channels. This 
is not as good as having four separate 
converters as each channel in use has 
to be read in turn. With all four 
channels in use this enables each chan- 
nel to be read only about 6000 times or 
so per second, but even this reduced 
rate is far higher than is required for 
most applications. 

The required channel is selected by 
writing data to the converter, but only 
the four least significant bits are uti- 
lized when doing this. The data is 
stored in a four-bit latch, and in addi- 


REFERENCE 
VOLTAGE 


SUCCESSIVE 
APPROXIMATION 
COUNTER 





Unlike many analogue to digital 
converter chips, the ADC0844CCN 
does not include an internal reference 
voltage source. The full scale value of 
the converter is equal to the reference 
voltage used, and this can be any 
voltage of 5V or less. In the interest of 
good linearity it is not advisable to use 
a reference potential of much less than 
about 1V though. In this circuit a 
highly stable 1-2V reference source is 
utilized. 


tion to selecting the channel to be 
converted it also sets the operating 
mode of the device and initiates a 
conversion. There are three operating 
modes, and these are single ended, 
differential, and pseudo differential. 
The single ended mode is the normal 
one where each input responds to the 
input voltage relative to the earth rail. 
In the differential mode the converter 
becomes a two-channel type with one 
pair of input voltages applied to chan- 
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Fig. 2. Complete circuit diagram 
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nels 1 and 2, and the other two applied 
to channels 3 and 4. In the pseudo 
differential mode the unit is reduced to 
three channels (1, 2, and 3) with chan- 
nel 4 being used as the inverting input 
for all three channels. This mode is not 
really applicable in this case due to the 
amplifiers added ahead of the channel 
3 and channel 4 inputs. 

When a conversion has been com- 
pleted the result is stored in an eight- 
bit data latch which has three state 
outputs. The outputs of the latch can 
therefore be connected direct to the 
data bus of the computer. Although the 
converter has four channels it only 
occupies one address, and the channel 
read at that address is the one pre- 
viously selected by a write operation. 
Even if the same channel is read each 
time, a write operation must precede 
the taking of each reading in order to 
initiate fresh conversions. Otherwise 
the same conversion would be read 
repeatedly. 

The address decoder is extremely 
simple, and only decodes one address 
line plus one control line. This is 
made possible by the simple system of 
input/output mapping used in the 
CPC464 and Spectrum computers, 
plus the fact that the ADC0844CCN is 
specifically intended to interface with 
8080/Z80 based systems, and has in- 
puts for the RD (read) and WR (write) 
lines. 


TEMPERATURE SENSOR 


There are normally difficulties if a 
semiconductor temperature sensor is 
connected direct to the input of an 
analogue to digital converter without 
using some form of signal conditioning 
circuit. For example, the popular 
LM335Z provides an output of 10mV 
per degree Kelvin, or 2:73V plus 10mV 
per degree Centigrade in other words. 
A temperature range of (say) 0 to 50 
degrees Centigrade therefore gives an 
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output voltage range of 2-73V to 
3-23V. Obviously the output of the 
sensor could be fed to an analogue 
input having a full scale value of 
3-23V, but this would be a very ineffi- 
cient way of doing things since input 
voltages from OV to 2:73V would never 
occur, and most of the converter’s 
input range would be wasted. This is 
not merely of academic importance, 
and in practice would result in the 
system having relatively poor resolu- 
tion and accuracy. 


Much better results could be ob- | 


tained using a signal conditioning cir- 
cuit to remove the 2:73V offset, and to 
spread out the 0 to 50 degree range 
over the full input voltage range of the 
converter. This type of manipulation is 
rendered unnecessary by the LM35DZ 
temperature sensors used in this de- 
sign. These have a built-in circuit to 
eliminate the offset voltage, so that the 
output voltage is nominally 10mV per 
degree Centigrade. This gives a 0 to 
510mV output voltage range over the 0 
to 51 degrees Centigrade temperature 
span covered in this case. A simple d.c. 
amplifier at each of the two tempera- 
ture sensor inputs boosts this to a 0 to 
1-2V range which fully drives the con- 
verter. The converter provides read- 
ings of 0 to 255, which conveniently 
converts to readings in degrees Centi- 
grade simply by dividing returned val- 
ues by five. The gain of both amplifiers 
has been made variable so that they 
can be set up for optimum accuracy. 
It must be pointed out that at very 
low temperatures of only about 1 de- 
gree Centigrade the LM35DZ may not 
give good accuracy, but it will give 
good results over a range of 2 to 51 
degrees Centigrade. In its favour it has 
the advantage of not requiring a highly 
stable supply, or even a stabilised 
supply for that matter, and it will 
operate over a 4 to 30 volt supply 
range. With a current consumption of 
only 56yA there is little self heating. 


CIRCUIT OPERATION 


The full circuit diagram of the inter- 
face appears in Fig. 2. D3 and R2 form 
a shunt regulator which provides the 
1-2V reference for converter chip IC1. 
D3 is not an ordinary Zener diode, but 
is a highly accurate and temperature 
compensated regulator chip. IC2 pro- 
vides the two amplifiers which are 
conventional operational amplifier 
non-inverting mode types. The LM358 
is one of the few operational amplifiers 
that is capable of providing output 
voltages right down to the earth rail, 
and this renders a negative supply rail 
unnecessary. IC3 and IC4 are the two 
LM35DZ temperature sensors. 

The unit connects to the floppy disc 
port of the CPC464 computer, which is 
really a general purpose expansion port 
having the full buses etc. available. The 
system of input/output mapping used 
in the CPC464 is to have circuits 
activated by taking one the eight most 
significant address lines low. One or 
more of the eight least significant 
address lines can be decoded as well 
if an input/output circuit requires 
several addresses (which is obviously 
not the case here). Address line A10 is 
available for external add-ons, and 
this line is decoded with the IORQ 
(input/output request) line and used to 
generate the negative chip select 
pulse for IC1. D1, D2, and R1 form a 
simple 2-input OR gate. The interface 
is placed at address &F800 in the 
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CH2 CH1 GND 


Fig. 3. P.c.b. design and component layout 





TO 
COMPUTER 





input/output map. Of course, as there 
is only partial address decoding the 
circuit can be activated using a large 
block of addresses, but the one men- 
tioned above is the base address and is 
a convenient one to use in practice. 

In essence the system of input/out- 
put mapping adopted for the Spectrum 
is the same as that used in the CPC464. 
There is a slight difference in that one 
of the lower eight address lines is taken 
low to activate input/output circuits, 
and one or more of the upper eight 
address lines are used if additional 
addresses are required. For the Spec- 
trum it is address line A5 that is gated 
with the IORQ line, and address 65503 
that the circuit occupies. Again, due to 
the partial address decoding the circuit 
occupies a great many addresses, but in 
practice 65503 is probably the best one 
to use. 





POWER SUPPLY 


The circuit requires a single (+5V) 
supply. The current consumption is 
only a few milliamps, and both the 
CPC464 and the Spectrum can readily 
supply this. 


Fig. 4. Computer connection details 
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CONSTRUCTION 


Fig. 3 shows the printed circuit 
board design for this interface. An 
important point to note is that IC1 isa 
CMOS device and should accordingly 
be fitted in a (20 pin d.i.l.) i.c. holder. 


The other standard antistatic handling 
precautions should also be observed. 
There are two link wires which should 
not be overlooked, but in other re- 
spects construction of the board is 
quite ordinary. 

The exact form that mechanical con- 
struction of the unit takes will depend 
on how it is to be used. It can simply be 
left as a loose board or, like the 
prototype, it can be built into a case. A 
third alternative is to incorporate the 
unit in to some larger piece of equip- 
ment. Whatever method is used the 
printed circuit design of Fig. 3 should 
be satisfactory. 

Assuming that the unit is to be built 
into its own case, an aluminium box 
having approximate outside dimen- 
sions of 133 by 70 by 38mm is suitable. 
The temperature sensors would not 
normally be mounted on the printed 
circuit board, but would be remotely 
located and connected to the interface 
by way of three-way cable. In order to 
minimise problems with stray pick up 
of noise it is advisable to use twin 
overall screened cable, with the screen 
carrying the negative supply rail con- 
nection. On the prototype three stereo 





Photo 1. P.c.b. and component mounting details 





jack sockets are mounted on the front 
panel, and connections from the sen- 
sors to the printed circuit board are 
made via two of these. The third one is 
used for the two ordinary analogue 
inputs. 

A 14-way ribbon cable up to about 
one metre long connects the printed 
circuit board to the floppy disc port of 
the CPC464 or the expansion port of 
the Spectrum. For the Amstrad com- 
puter a 2 by 25-way 0:1 inch pitch edge 
connector is required. As it is unlikely 
that a connector having a suitable 
polarising key will be available care 
must be taken to fit the connector the 
right way up, and it is advisable to 
clearly mark the top edge. The Spec- 
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TEMPERATURE-ANALOGUE INTERFACE 








Photo 2. Constructional details of the Temperature Interface 





trum’s expansion port requires a 2 by 
28-way 0-1 inch pitch edge connector, 
and types having a suitable polarising 
key are readily available. Fig. 4 gives 
connection details for both computers. 

Take great care not to make any 
wiring errors, and thoroughly check all 
the wiring once it has been completed. 
With the specified case it is possible to 
take the ribbon cable out between the 
top and base sections, but if an alterna- 
tive is used it might be necessary to cut 
an exit slot in the rear panel. 


TESTING AND USE 


Start with VR1 and VR2 set at about 
half maximum resistance. Connect the 
interface to the computer before 
switching on the computer. The two 
simple programs shown in Table | can 
be used to give a temperature readout 


in degrees Centigrade for both tem- 
perature channels. 

From BASIC, the OUT instruction 
is used to write the appropriate num- 
ber to the converter to start a conver- 
sion and select the required channel. 
The number is 6 to read IC4 and 7 to 
read IC3. The INP function (IN for the 
Spectrum) is used to read the conver- 
ter, and as explained earlier, dividing 
the reading by five gives a reading in 
degrees Centigrade. The relative slow- 
ness of BASIC means that a conversion 
will always have been completed by the 
time the unit is read, but when using 
machine code a delay loop to provide a 
hold off of at least 40us will be 
required. 

In order to calibrate the unit both 
sensors should be taken to a known 
temperature, and one that represents 
about 50% to 100% of the full scale 
value. The two presets are then adjus- 





Photo 3. Front panel details 
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Table 1. Amstrad listing 


10 REM CPC464 

20 MODE O 

30 LOCATE 8,5 

40 PRINT "DEGREES C." 

50 OUT &F800,6 

60 LOCATE 5,10 

70 PRINT (INP(&F&00) )/5 
80 OUT &F800,7 

90 LOCATE 15,10 

100 PRINT (INP(&F800))/5 
110 FOR D = 1 TO 1000:NEXT 
120 LOCATE 5,10 

130 PRINT " 

140 LOCATE 15,10 

150 PRINT " 


160 GOTO 50 


10 REM SPECTRUM 

20 PRINT AT 8,10;"DEGREES C." 
30 OUT 65503,6 

4O PRINT AT 16,7;IN 65503/5 


50 OUT 65503,7 


60 PRINT AT 16,20;IN 65503/5 


70 PAUSE 50 
80 PRINT AT 16,7;" 
90 PRINT AT 16,20;" 


100 GO TO 30 





ted to give the correct reading. If the 
sensors are to be used in liquids they 
should be fitted in a small test tube or a 
similar container to protect them. 
Some silicon grease can be used to give 
a good thermal contact between each 
sensor and its container. 

In the single ended mode analogue 
channels | and 2 are selected using 
values of 4 and 5 respectively. When 
these are used as a single differential 
input they are selected using values of 
0 (channel 2 is the inverting input) or 1 
(channel | is the inverting input). 
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CONSTRUCTIONAL PROJECT 





PHOTOGRAPHIC 
TRIGGER UNIT 


BY R. E. HEAD 


Sound or light triggered unit which has 
applications in photography and security 


Many photographic trigger units are 
dedicated to one function; this design 
is different. It allows a camera to be 
triggered as an object passes through 
an invisible narrow beam. The object 
could be fairly large, such as a fox, or as 
small as a butterfly. Additionally, the 
main trigger unit can be switched to 
respond to noise, allowing, for in- 
stance, an effective photograph of a 
light bulb smashing on impact. The 
sensitivity of this section of the cir- 
cuitry is pre-settable. 

A block diagram of the system is 
shown in Fig. 1. Both beam trigger and. 
sound trigger impulses are fed through 
a selector switch allowing positive or 
negative operation. In other words, 
with the switch in one position the 
photograph is taken when the beam is 
switched on, or sound occurs. The 
other switch position causes the photo- 
graph to be taken when the beam is 


PULSED 
TRANSMITTER 
1-SkHz 


INFRA-RED 
BEAM 


MICROPHONE a AMPLIFIER 





a control range of 0.5 to 5 seconds. 
The units were principally designed 

to drive a camera motor-wind, which 

conveniently has a 2-5mm socket to 


permit the camera to be remotely 


triggered. For those without such luxu- 
ries, two other methods of photo- 
graphy are possible, the first involves 
using a flash triggered from the beam 
unit, leaving the camera lens open. 
This is the fastest possible arrangement 
but, of course, has to be done in the 
dark. The final method of taking the 
picture involves using a solenoid to 
operate a “Bowden” cable type camera 
release. This, however, involves con- 
structing some sort of mechanical de- 
vice, since I have been unable to locate 
a manufacturer of such an item. 

The beam trigger set-up could be 
used in security systems, either to take 
a picture or, making use of the output 
switch, to operate an alarm bell. 


+VE 
TRIGGER 
SELECT 


MONOSTABLE MONOSTABLE 


DETECTOR - 

Vie 

TRIGGER 

SELECT 
- NUMBER OF 
FRAMES - 





Fig. 1. Block diagram of the complete system 
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Fig. 2. Transmitter circuit diagram 





TRI1 for 130us, and off for 530us. R1 


-and R2 in conjunction with Cl deter- 


mine frequency and pulse width. 
Output transistor, TR1, is driven by 
R3 and switches on the output diode 


BEAM PRESENT OR 
%q AUDIO PRESENT 


OUTPUT 
44 TRIGGERED 


PORES CAMERA FLASHGUN 
OR MOTORDRIVE 


TRANSISTOR 
SWITCH 





broken. Two variable delay circuits are 
incorporated. The first “trigger” delay 
controls the time between the beam 
being broken, or sound occurring, and 
the photograph being taken. This is 
variable up to four seconds. The pur- 
pose of this delay is to allow framing of 
a slow moving object, whilst the 
second delay controls the output pulse 
width, to control the number of photo- 
graphs the camera takes. This delay has 
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BEAM TRANSMITTER 


The transmitter unit, Fig 2, is based 
around an XC-880-A infra-red (IR) 
light emitting diode. To allow both 
high output, with a fair range, and low 
battery consumption, the diode is 
pulsed at a ratio of 5:1. An oscillator, 
an NE555 timer connected as an 
astable, running at approximately 
1500Hz, switches the output to turn on 


via a current limiting resistor RS. The 
average power consumption at 6V is 
40mA, which should give approxi- 
mately two hours operation from four 
AA type batteries. 


BEAM RECEIVER 


The beam receiver unit, Fig. 3, is 
based around a quad op-amp and 
detects the pulsed beam using an IR 
photo-sensitive transistor TR1, type 
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PHOTOGRAPHIC TRIGGER UNIT 


IC1 PING 
IC2 PIN16 


IC1 PIN 11__OV 
IC2 PIN 8 


DJG 002 


Fig. 3. Complete circuit diagram of the receiver unit 
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TIL414. This is amplified by the first 
stage op-amp, with the gain set by R1. 
This stage produces an output of 
100mV pk-pk at a range of about 1-5 
metres, dependent on ambient light. 
The second op-amp forms a high-pass 
amplifier, to reduce the effects of 
mains lighting pick-up. This stage has a 
gain of 30 at 1500Hz and approximate- 
ly unity gain at 50Hz. From this stage 
the signal is fed to a change-over switch 
input. The other input to the change- 
over switch is connected to the output 
of the third op-amp stage. This ampli- 
fies the output from a capacitor micro- 
phone insert mounted on the front of 
the case. The stage gain is controlled by 
R5 and VRI, a preset potentiometer, 
and ranges from x10 to x100. 

The switch selected output is con- 
nected to a schmitt trigger, formed by 
the last op-amp stage, with positive 
feedback, set to trigger at 3-5V. The 
output from this stage is connected to 
the first half of IC2, an MC4098B, 
wired as a re-triggerable monostable. 
This has a time constant (TC) of 2ms, 
controlled by R9 and C4. When the IR 
amplifier is detecting a series of pulses 
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from the transmitter the output of the 
monostable remains high (logic one). 
This then forms the detector stage, 
driving a light-emitting diode indica- 
tor to show a beam is present and 
correctly aligned, or that sound is 


present. Both outputs (Q & —Q) from 


this stage are connected to a change- 
over switch S2. This allows for the 
positive or negative modes of opera- 
tion as mentioned previously. The 
output from this switch is connected to 
the positive trigger input of the second 
half of IC2 arranged as a non-retrigger- 


able monostable with a variable time 


constant controlled by R12, VR2 and 
C5. The time constant is variable from 
20ms to 4s. The output from this i.c. is 
differentiated by C6, in conjunction 
with D1 and R13, the resultant pulse is 
used to trigger the NE55S, IC3. 

The output of IC3 drives an l.e.d. to 
indicate an output pulse. It should be 
noted that the diode extinguishes to 
indicate a trigger; and thus acts as a 
power-on indicator. 

Also IC3 drives the output switching 
transistor, TR3, an n.p.n. switching 
transistor. This will drive most motor- 


winds, and some flash-guns. It is im- 
portant to note that the unit will only 
drive either of these units, not both 
together. The type of flash-gun used 
with the output transistor specified 
was an Olympus 120; this has only 
about 2-°5V across its contacts, other 
cheaper models can have up to 300V 
across their contacts. If possible, check 
with a high impedance voltmeter the 
contact voltage before use. (The maxi- 
mum is around 30V.) 

IC3 has a time constant variable 
between 0:5 to 5s. This corresponds to 
between | and 12 frames when using a 
2°5 f.p.s. motor-wind. The time con- 





Photo 1. Receiver front panel 
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PHOTOGRAPHIC TRIGGER UNIT 





stant is controlled by C7, R16 and 
VR3. When used with a flash-gun, the 
Output pulse width control will not 
function in the same way, in fact, if a 
fast charge flash-gun is used, it may fire 
twice if VR3 is set to maximum, and 
therefore VR3 should be left at 
minimum. 

R17 and R18 form a potential di- 
vider across the battery, giving a vol- 
tage on the non-inverting inputs of the 
op-amps of 4:5V. The completed re- 
ceiver unit runs happily on a PP3 type 
battery for several hours. 

The type of microphone specified 
for this project is a cheap capacitor 
insert measuring approx. 9-5mm dia. 
by 6mm. These microphone inserts 
require 1-5V, however the prototype 
ran from 4-5V perfectly satisfactorily. 
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CONSTRUCTION 


Both units are designed to be fairly 
uncritical in layout, and can be built 
easily on strip board. However, to 
produce neat, small, units the proto- 
types employed two printed boards 
which allow the units to fit inside small 
cases. 


TRANSMITTER 


The p.c.b. design for the transmitter 
is shown in Fig. 4. Firstly, cut a 30mm 
length of copper tube. This is anchored 
to the board by two short lengths of 
wire, passing through four 1mm holes 
drilled either side of the tube, and 
soldered to track on the board. Fit the 
l.e.d. to the board, such that the body 
of the l.e.d. inserts into the tube, and 









































bend the wires to fit onto the track. The 
polarity of this diode is important. 

Finally, fit the remaining compo- 
nents, and the i.c. to the board. The 
battery connector leads should be 
threaded through the board to provide 
a reliable anchoring. The on/off switch 
is wired to the board by two short 
(65mm) lengths of wire. 

When drilling the plastic case, en- 
sure that the fixing holes on the board 
line up with the mouldings on the base 
of the box, these are asymmetric to 
catch out the unwary. The board can be 
fitted to the case with four 6BA screws. 
To retain the battery pack in place, two 
short lengths of self adhesive foam, i.e. 
draught excluder, should be fitted to 
the lid of the box. 


RECEIVER 


The receiver p.c.b. (Fig. 5) should be 
offered up to the lid of the box before 
any parts are fitted to it. Then pilot 
holes (1mm) can be drilled through the 
lid of the plastic box where the poten- 
tiometers, switches, and l.e.d.s are 
fitted. This method should produce the 
most accurate positioning when offer- 
ing up the completed board. The box 
can then be drilled and legended, 
Letraset and a fixer spray makes a 
reasonable job. : 

A second small board (a small piece 
of scrap p.c.b. material) is required to 
hold the detector transistor, or vero- 
board can be used. The detector tran- 
sistor, TR1, is fitted on this, lining up 
with 30mm of tubing as in the 
transmitter. 

The main board is assembled, start- 
ing with the two switches soldered 
through holes on the board. It may be 
necessary to elongate the holes pro- 
vided on the board to permit the 
switch tags to pass through. 

The other components can now be 
fitted to the board, leaving the i.c.s 
until last. The 4098 is a CMOS device 
and should be handled with care. The 
l.e.d.s are fitted to the board spaced 
away by approx. 10mm. This allows 
them to poke through the lid of the 
box. The potentiometers should be 
fitted last, and are wired to the main 
board by short solder spills. The shafts 
of these potentiometers should be cut 
down if required before fitting. The 
amount depends on the type of knob 
selected. 

The boards in the receiver are best 
fitted with tags to solder interconnect- 
ing wires to. These tags should pro- 
trude through the copper side of the 
main printed board. The microphone, 
detector transistor, and battery leads 
(via S3) can now be soldered on. 

When fully assembled, the comple- 
ted board is fixed to the lid of the box, 
retained in the lid by the nuts on 
switches Sl and S82. An appropriate 
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Fig. 5. P.c.b. design and component overlay of the receiver unit 





spacer (14mm).can be used addition- 
ally if desired with a fixing nut and 
bolt. The nut on the printed board 





Photo 2. Receiver constructional details 
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should be provided with an insulating end of the box with two small 6BA 
washer to prevent any short circuits. screws to line up with the hole drilled 
The lower small board is fixed at one in the case. 


TESTING 


To begin testing, apply the 6V volt 
supply to the transmitter board, if 
possible, checking the current con- 
sumption, which should not be more 
than 40mA. If an oscilloscope is avail- 
able, check for 1-5kHz pulses across 
the l.e.d. which should be approx. 1V 
pk-pk. If the pulses are significantly 
larger, and the current consumption 
very low, check the polarity of the l.e.d. 

To test the receiver, connect the 9V 
battery, again checking current, which 
should be in the order of 20mA. The 
output l.e.d. should light up. It may 
pulse off briefly, but should normally 
remain on. Check with a voltmeter the 
junction of R17 and R18 which should 
be in the order of half the supply 
voltage. A 10% error on this is quite 
acceptable, more should be checked, in 
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particular check the current through 
the microphone which should be 
around 2mA. 

Next, check the voltage at the output 
of each amplifier stage. This should be 
approximately half the supply voltage 
for all amplifiers bar the schmitt 
trigger, whose output is at OV. 

The two units can now be switched 
on together. Line up the transmitter 
and receiver on a flat surface, and 
switch both p.c.b. toggle switches up- 
wards. The lower l.e.d. should light, 
indicating that the receiver is detecting, 
the IR beam from the transmitter. 

With both pots turned fully ACW, 
the action of breaking the beam should 
cause the lower l.e.d. to extinguish 
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Fig. 6. Jack-plug connections 
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Photo 3. Transmitter constructional details 





briefly, and the upper l.e.d. to go out 
for about 0:5 seconds. The control on 
the left, delay’, will introduce delay 
between breaking the beam, and the 
output l.e.d. indicating. The second 
control should alter the amount of time 
the output l.e.d. is off. 

A double ended lead should be made 
up with a 2-Smm jack plug at each end, 
as shown in Fig. 6. This and the set-up 
can be tested with a 9V battery and a 
lamp wired across the jack which 
should indicate when the beam is 
broken, or with the selector switch 
moved, when sound occurs. 

To use the units with a flash set-up, a 
hot-shoe mount with the plug cut off 
and substituted by a 2:5mm line 


















P. Code 


socket, will mate with the cable already 
mentioned. 


CONCLUSION 


As mentioned earlier, the units have 
an approximate range of 1-5 metres. 
This may be reduced slightly if used in 
bright sunlight, due to the detector 
transistor saturating. Alignment is 
fairly critical, and can be assisted by 
placing both transmitter and receiver 
on a strip of wood whilst setting up. 

If the units are requred for security 
purposes, the transmitter can be modi- 
fied for 9 volt operation by simply 
changing R5 to 16Q, allowing the two 
units to be fed from a common regu- 
lated power supply. PE 
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FROM THE EDITOR... 


After twenty-one years at IPC, Practical Electronics is 
going through a great upheaval. I am using the change of 
ownership to examine whether the editorial contents of PE 
is what readers want. In last month’s issue the magazine 
carried a questionnaire, replies to this are flooding in and 
have enabled me to undertake a preliminary analysis of 
what you, the readers of PE, want to see in future issues. 


ANALYSIS 

The analysis indicates that readers feel PE has not kept up 
with the constant changes in technology, a situation I intend 
to rectify. A substantial majority of PE readers possess a 
home computer, and consequently an interest in micro- 
processors, computer interfacing and computer related 
projects is expressed by many. This data is proving very 
useful in formulating future editorial policy. I am instituting 
editorial changes, but all PE’s loyal and regular readers can 
rest assured that these changes will not be substantial and 
are aimed at improving editorial quality rather than altering 
the magazine’s direction. 


POLICY 

The key element of the new editorial policy is good 
forward planning. This will enable the editorial department 
to thoroughly check all projects, it will also ensure that our 
advertisers are able to supply all the key components of a 
project on the date of publication. Good forward planning 
will also allow a continuity between projects. An example of 
this proposed continuity is given in the article ‘Setting The 


Standards’ in this issue; a common system of interconnec- 
tion is the basis of any continuity between different projects. 


NEXT MONTH —this issue has a very interesting set of 
major articles. The single board computer system (IEE1000) 
is continued with the completion of the power supply and 
the backplane. Also starting is the PE Hobby Bus—which 
will give a standard I/O bus for all home micro interface 
projects. For mariners the DF Beacon Timer will prove a 
valuable offshore navigation aid and for the workshop, a 
useful piece of test equipment is the Logic Checker project. 


TECHNOLOGY EXPERIMENTS 


Solar energy will be the first subject in a new series of 
feature articles on electronic technology experiments; the 
article will have particular emphasis on solar cells. For those 
interested in robotics there is an article on the biological 
basis for robotics system design. Finally, along with all our 
regular features, there is a project for electronic music 


enthusiasts—an Echo Reverb Unit. 


I am sure you will find the May issue of Practical 


Electronics great reading. 


NICK HAMPSHIRE ... 


TECHNICIAN ENGINEERS 


COMMUNICATIONS AND ELECTRONICS 


A Planned Career in Technology in the Cotswolds 
Salaries up to £13,745* 


@ VACANCIES at both TECHNICIAN ENGINEER 
and ENGINEERING TECHNICIAN level. 

@ CHALLENGING WORK in the development and 
support of highly sophisticated communications 
andcomputer systems. 

@ OPPORTUNITIES for gaining experience ina 
wide variety of technical roles. 

@ EXTENSIVE ENGINEERING FACILITIES 


Applicants for the higher grade of TECHNICAL ENGINEER 
should normall possess a BTEC Higher National Certificate/ 
Diploma in electronics or other relevant subject; or a City and 
Guilds Full Technological Certificate, or an equivalent 
qualification. An aggregate of at least 8 years relevant training and 


SS =, 


@ CAREER PLANNING aided by regular 
assessments of performance. 
@ ADVANCEMENT opportunities on the basis of 
proven ability. 

OVERSEAS service (voluntary). 
@ FLEXIBLE working hours with up to six 
weeks leave. 
@ RELOCATION EXPENSES in most cases. 


experience is required. Registration as a Technician Engineer 
(T.Eng) would be an advantage. Salary Scale: £11,413-£13,746* 
Applicants with BTEC ONC or equivalent and at least 4 years 
relevant training and experience are elgible for posts at the 
ENGINEERING TECHNICIAN level for which a structured 
training programme is provided. Salary Scale: £8,149-£10,685* 
INTERESTED? Then for either post send for full details and 
application form to the address below, quoting Ref: T/6523/85 


*Salaries quoted include special pay additions. 


THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108 
OAKLEY, PRIORS ROAD, CHELTENHAM, GLOS GL52 5AJ 
OR TELEPHONE (0242) 3291273 


PRACTICAL ELECTRONICS APRIL 1986 





37 


REGULAR FEATURE 


SPACEWATCH 


BY DR PATRICK MOORE OBE 


PROJECT ULYSSES 


Over the past few years it has been 
found that our knowledge of the Sun, 
our nearest star, is probably much less 
extensive than we have fondly be- 
lieved. In particular there is the ‘neu- 
trino problem’; the Sun is emitting far 
fewer neutrinos than in theory it ought 
to do—as we know from the experi- 
ments being carried on at Homestake 
Mine in South Dakota and also in the 
Soviet Union. Neutrinos, which have 
no mass (or virtually none) and no 
electrical charge, are very hard to 
detect, and one way to do so is by 
interactions with chlorine, producing 
radioactive argon. At Homestake 
Mine, a vast tank of chlorine-contain- 
ing cleaning fluid has been set up a 
mile below ground (to provide a shield 
against cosmic rays) and the experi- 
ment seems to be reliable. One solution 
would be to reduce the Sun’s core 
temperature from 15.8 million degrees 
to only 14 million degrees; this would 
explain the paucity of neutrinos, but 
raises other theoretical problems. 

There is also the problem of the solar 
wind. From information sent back 
from the deep-space probes to the 
outer planets, it seems that the solar 
wind is not ‘slowing down’ at great 
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distances as had been expected. At 
present, however, most of our informa- 
tion comes from probes operating not 
far from the main plane of the Solar 
System. A new project, Ulysses, is 
designed to pass over the Sun’s north 
pole, and obtain data from previously 
unexplored regions. 

Ulysses is scheduled to blast off in 
May 1986, from the Shuttle Challenger 
and thence by a Centaur rocket. It will 
first go out to the region of Jupiter, 
arriving there in July 1987, and will 
use Jupiter’s gravity to move the probe 
out of the ecliptic plane and swing it 
back sunward, so that in early 1990 it 
will pass over the north pole of the Sun. 
Experiments carried on the probe will 
deal with magnetic fields, solar-wind 
plasma, particles of various types, cos- 
mic rays, solar X-rays, and cosmic 
dust. The mission will officially end in 
February 1991, though it is true that 
many recent missions have continued 
for much longer than expected. 


THE REMOTEST 
GALAXY 


Up to now the holder of the ‘distance 
record’ has been held by the quasar 
PKS 2000-330, which has an estima- 
ted distance of 13,000 million light- 
years; it was discovered at the Parkes 


Radio Astronomy Observatory in Aus- 
tralia, and optically confirmed at Sid- 
ing Spring. Now the record may be 
challenged—this time not by a quasar, 
but by a galaxy! 

The research has been carried out by 
S. Djorgovski and his team at Berkeley 
in California. Using the Lick 120-inch 
reflector, they studied the region of a 
faint quasar in Hercules, and dis- 
covered a separate object which 
proved to be a galaxy with an even 
greater red shift. Its magnitude is 24.5, 
but a reliable spectrum was obtained, 
and if the red shift is to be trusted the 
distance must be at least comparable 
with that of PKS 2000-330. 

Of course, the Doppler interpreta- 
tion of the red shifts for quasars has 
been challenged by a few astronomers, 
notably Sir Fred Hoyle, but the red 
shifts of the galaxies have been more 
universally accepted. If Djorgovski’s 
work is confirmed (as there is every 
reason to expect), it will further 
strengthen the argument that the red 
shifts of all very remote objects are 
indeed cosmological. And if Hubble’s 
constant holds good, we may come to 
the end of the observable universe at 
between 15,000 and 20,000 million 
light-years, probably rather closer to 
the lower figure—though we must al- 


r 10. ihe east 


high W up. | Castor 
is now about 


few 1 tenths ofa 
2 ars away, and 
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ways bear in mind that this refers only 
to the observable universe, not neces- 
sarily to the universe itself. 


COMETS: GRAVEL- 
BANKS OR DIRTY 
ICEBALLS? 


During the first part of this month 
five probes will be on their way to a 
rendezvous with Halley’s Comet. Two 
are Japanese, two are Russian and one 
is European—built by British Aero- 
space in Bristol, and successfully 
launched last July from French 
Guiana. On the night of March 13/14, 
Giotto is scheduled to pass right into 
the heart of the comet, and—we hope- 
—send back close-range pictures of the 
nucleus. 

Up to now we have known very little 
about cometary nuclei, because we 
have never been able to see them 
properly. When a comet has no ob- 
vious head, it is so far away that it is 
quite beyond the range of any telescope 
to show details; and when the comet 
draws in toward the Sun, the nucleus 
surrounds itself with an ‘envelope’ 
through which we cannot see. 

The accepted theory, due initially to 
the great American astronomer Fred 
Whipple, is that a nucleus is a ‘dirty 
iceball’, and that when the ices are 
warmed the coma is produced—to- 


SPACEWATCH 





gether with a gas tail (driven out of the 
coma by solar wind) and a dust tail 
(driven out of the coma by the pressure 
of sunlight). But not everyone agrees, 
and in particular there is a theory due 
to R. A. Lyttleton that the heart of the 
comet is more in the nature of a flying 
gravel-bank or flying sandbank. On 
this picture, each particle follows its 
own orbit; when the comet nears per- 
helion the particles collide, producing 
the effects we see. And if Lyttleton is 
right, then Giotto will show no “dirty 
iceball’. 

Lyttleton also doubts the existence 
of the so-called Oort Cloud, from 
which comets are thought to come; he 
believes that the comets are collected 
by the Sun during its journey round the 
centre of the Galaxy. Obviously we 
cannot see the Oort cloud; it is much 
too far away. But if Lyttleton’s gravel- 
bank theory is found to be correct, then 
he may well be right also about the 
non-existence of the Oort cloud. 

It must be said that Lyttleton and his 
supporters are very much in the 
minority, but this is one question 
which will be cleared up within the 
next week or so—provided that Giotto 
functions properly. Both Whipple and 
Oort will be at Darmstadt, in Ger- 
many, headquarters of the European 
Space Agency, where the Giotto pic- 
tures will be produced as soon as they 


are received from the Parkes radio 
telescope in New South Wales. I may 
add that I will also be there, and I hope 
to be able to give a full report in an 
issue of Practical Electronics as soon as 
possible. My view is that Whipple will 
be proved right and Lyttleton wrong; if 
not, then we must all do some radical 
re-thinking. 

Meantime, the eccentric fringe has 
been in full cry, and all current disas- 
ters, both natural and political, are 
being laid at the comet’s door. At a 
meeting of the Halley’s Comet Society 
in Wembley, a band of demonstrators 
waved around a vast placard announc- 
ing that the end of mankind was nigh, 
and we had all better repent immedi- 
ately. Another group forecast that the 
world would be destroyed when the 
comet reached perihelion. (As this oc- 
curred on 9 February, we will know 
that this particular forecast is wrong 
—if we were all still here in March.) On 
a lighter note, one man in Malvern 
claimed that the comet had made him 
lose two teeth—he broke them because 
they chattered so much when he was 
searching for Halley on a chilly night. I 
have my own personal disaster; on 
coming out of my observatory dome 
after photographing the comet I 
slipped, fell, and dislocated my shoul- 
der and broke two ribs! But I fear that I 
must blame myself, not Halley... 





(continued from page 15) 
true 16-bit chips are still brutes to 
make! 

Whatever happens about 16/18-bit 
resolution, domestic compact disc 
player quality is already so good that it 
shows up deficiencies in the original 
recording. For the first time home 
reproduction equipment can be better 
than professional studio recording 
technology. So studios are switching to 
digital recording. 

‘There are two quite different tech- 
nologies available. The cheapest relies 
on a domestic or industrial video re- 
corder to capture the rapid data stream 
produced by a “processor” which con- 
verts a two channel analogue signal 
into pulse code modulation. A Sony 
PCM processor costs from under 
£1,000 and works to the same standard 
as compact disc (44-1KHz sampling, 
16-bit coding). It can only be used to 
tape two sound channels at a time. 
Broadcasters and small studios use 
them to record stereo direct from a 
pair of microphones. 


STATIONARY HEAD 


The more expensive approach 1s 
stationary head recording. This can be 
used for taping more than two chan- 
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nels of sound at the same time i.e. for 
multitrack recording. The recording 
industry is currently trying to decide 
between two competing and incompat- 
ible technologies. Sony originated the 
DASH (digital audio stationary head) 
format, and is now backed by Studer of 
Switzerland. The tape runs fast past a 
stationary head which is divided into 
very small segments so that it records 
narrow parallel tracks on the tape. 


DASH 


Sony’s 24-track DASH recorder uses 
12-5 millimetre tape. It runs at 76 
cm/sec past a recording head which is 
subdivided into 24 sections, one for 
each sound channel. The tape must 
accurately record 1-5 kilobits of data 
per millimetre. The next generation of 
DASH will double recording density 
and either allow the tape to run at half 
speed or record double the number of 
sound channels recorded. So far only 
prototype double density DASH re- 
corders have been demonstrated be- 
cause the heads must be made by thin 
film technology. Instead of machining 
the head gaps, they are etched by a 
photo technique similar to that used 


for micro chip production. A single 
density 24-track DASH recorder costs 
nearly £100,000 so only the most suc- 
cessful studios can afford to buy one. 


ALTERNATIVE 


Mitsubishi has developed an alterna- 
tive stationary head system. The X- 
800 records 32 sound channels but 
uses 25mm tape. Mitsubishi claims its 
X-system is virtually immune from 
errors caused by tape blemishes 
because 8 extra tracks are recorded for 
the sole purpose of duplicating data 
recorded on the main tracks. Because 
‘DASH and Mitsubishi X-system tapes 
are not interchangeable, the recording 
industry is now trying to decide which 
system to adopt. Every week the two 
companies announce some new sale or 
deal with recording studios round the 
world. Already it seems certain that the 
recording industry is stuck with a split 
standard for digital recording. The first 
company in the field, 3M, has disap- 
peared from the scene. 3M’s very 
expensive stationary head multitrack 
recorder—which was compatible with 
neither DASH nor X-system—has 
sunk without trace. 


SCIENCE FEATURE 





SILICONE 


CONTAMINATION 


BY GERALD KINGSBURY 





“Silicones can travel, and when they do, the 
results can be disastrous” 


HEN in doubt, electronics engi- 
neers and amateur enthusiasts 
alike tend to attribute the snap, crackle 
and pop type of interference which 
plagues all manner of electronic equip- 
ment, to such causes as “airborne 
contaminants’’, ‘“‘oxidisation”’ and 
“dirty contacts.”’ Lay observers blame 
the aberrations on still more nebulous 
phenomena such as static! 

Yet despite painstaking efforts to 
ensure apparatus is well maintained, 
audio equipment often persists in 
crackling like a bonfire, video displays 
fuzz momentarily, or jar the eyes with 
distortion, and computers vex their 
operators by crashing for no apparent 
reason. 


HIDDEN MENACE 


Varied are the reasons why elec- 
trical/electronic equipment does fail 
with such maddening inexplicability, 
but comparatively recent research has 
unearthed a hidden menace which may 
well be responsible for the majority of 
“open circuit” fault conditions, and it 
is a self-inflicted menace at that! 

It is our propensity for using sili- 
cones to polish, act as release agents, 
lubricate, and conduct heat that gets us 
into trouble. It seems that our ally, the 
silicone, is also our enemy! Silicones 
can travel, and when they do, they 
bring disaster. 

Scientists around the world are alert- 
ed to this less welcome effect of using 
silicones in an electrical environment. 
Researchers working for Hitachi in 
Japan, and others working for Ameri- 
ca’s Bell Laboratories have demon- 
strated that unreacted silicones—often 
found in badly formulated contact 
lubricants, and many household furni- 


Gerald Kingsbury is the Managing 
Director of Electrolube Ltd. Elec- 
trolube manufacture and supply a 


range of solvents and lubricating 
compounds to remove and protect 
against silicone contamination. 





40 


ture polishes—can cause havoc when 
used near, or actually on, relay and 
switch contacts. Further, the nature of 
abrupt failures due to silicone contain- 
ing films is related to the degree of 
electrical energisation, or duty, of the 
contaminated contacts. 

You see, it all stems from the fact 
that unreacted silicones are able, and 
indeed have a tendency to creep 
around on surfaces. Researchers disco- 
vered that failed relay contacts behind 
a central. office panel had “dimethyl 
silicone”’ oil present on their surfaces. 
More worryingly, they discovered that 
this oil had spread over intervening 
surfaces and wires from silicone lubri- 
cated equipment several feet away! 

The cause of contact troubles in 
telephone equipment has been traced 
to vapours rising from nearby silicone 
oil baths, while in another instance, 
silicone carbide crystals were found on 
the surface of a silver contact, despite 
the fact that the contacts had no sili- 
cone-based compounds between their 
surfaces. The crystals had appeared 
through migration from a silicone- 
based heat transfer compound applied 
to a thermostatic controller elsewhere 
in the equipment. The failed contacts 
were operating on a light load of only 
12V d.c. and had survived a mere 7000 
cycles before going open circuit. 


CONSEQUENCES 


The most common silicone fluids 
and oils are dimethyl silicones, which 
tend to spread over almost all types of 
surface, including relay contacts and 
their springs. The rate at which they 
creep around depends upon the nature 
of the substrate, the temperature, and 
on the fluid’s viscosity. When the 
spreading offenders reach a set of 
contacts the temperatures brought to 
bear by arcing form the silicones into 
hard, rock-like crystals, notably sili- 
cone carbide. These crystals then cause 
a lack of electrical continuity with high 
contact resistance, leading ultimately 
to open circuit condition. The user of 
silicone contaminated apparatus there- 
fore perceives a catastrophic increase 
in contact resistance, manifesting itself 


at first in sporadic, and then continu- 
ing “‘opens’’. 

The damaging effect of silicones is 
promulgated by a Russian research 
paper which points out that whilst 
silicones have proved extremely valu- 
able as insulation material in electrical 
systems, in many classes of rotary 
machines their use can lead to acceler- 
ated brush wear. This is presumably 
brought on by the formation of silicone 
carbide crystals. 

The greatest concentration of sili- 
cone deposits—and hence the most 
harmful—are likely to be found in 
totally enclosed machines, or those 
with poor ventilation, says the report. 
‘“‘The increased rate of brush wear can 
be from 20 to 200 times the normal 
rate and, in exceptional circumstances, 
800 times the rate.” 

Common sources of silicone com- 
pound contamination in electrical sys- 
tems are the dimethy] silicone oils and 
greases used on associated moving 
parts. One example of this was identi- 
fied by American Researchers studying 
a motor-driven interrupter, in which 
silicone oil was used as a lubricant for 
the motor and driving gears. The sili- 
cone oil quickly spread to the cams, 
and then the contacts they actuated. 
After a short time, the units failed! 


WE’VE TAKEN A SHINE 
TO THEM 


Another “vehicle” for silicone con- 
tamination is the mysterious one who 
comes around to clean and polish 
things when you are not there. Be that 
person housewife or contract cleaner, 
the aerosol mist polish incorporated in 
the cleansing arsenal is not only liable 
to put an external shine on enclosures 
containing switchgear—and that in- 
cludes the humble telephone—but 
eventually render their contents unser- 
viceable. What the “‘gleam-makers”’ do 
not know is that furniture polishes 
often also contain silicone fluids; so in 
schools and offices cleaners may quite 
unwittingly be the cause of data losses 
and read/write errors in otherwise 
carefully maintained computer 
equipment. 
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Photo 1. Silicone contamination, the hidden menace, caused by innocent use of 


spray polish 


And the mischievous antics of sili- 
cones do not end there. Some office 
copying machines release vapours con- 
taining silicone oils, black pigments 
and polymeric binders, in addition to 
the usual paper fibres. Alarmingly, a 
number of PBX machines have been 
rendered inoperative by the proximity 
of such copiers. 


THEYRE EVERYWHERE! 


The use of silicones as encapsulants, 
potting compounds or sealants in the 
electronics industry is now wides- 
pread, but it can lead to grief when 
these materials are improperly formu- 
lated. Take, for example, the problems 
experienced with key-telephone units, 
which were traced back to silicone oils 
bleeding from a silicone compound 
used to encapsulate a reed relay. The 
invisible oils migrated over a printed 
circuit board and up onto relay con- 
tacts located over an inch away. 
Dimethyl silicones are frequently used 
to “‘plasticise’’ or modify the viscosity 
of silicone formulations, and these will 
bleed from the compound, given time. 

In all of these instances the propen- 
sity of dimethyl silicone oils to spread 
has the effect of continually renewing 
the offending liquid film on contact 
surfaces, which in turn results in yet 
more black insulating deposits. 
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CALL IN THE EXPERTS 


Hitachi’s Production Engineering 
Research Laboratory looked at the 
problem in depth in an attempt to 
discover the composition of the con- 
taminants on failed contact surfaces, 
and the process changes silicones into 
insulating film. The researchers exam- 
ined an electrical control system which 
had broken down because of a failed 
relay. 

The dust-proof relay consisted of a 
base with terminals, a coil, a magnetic 
circuit, armatures with a contact on 
top of each, leads between the termi- 
nals and armatures, a return spring, 
and a plastic cover. The silver contact 
contaminated with the carbonaceous 
black powder, and which was plated 
with 3 to 5um gold, was operated about 
ten times a day. At 24 volts it was 
energising a 240 Ohm inductive load, 
and gave trouble after several months 
service. In the laboratory, the resis- 
tance of the failed contact was 
measured as over 100 Ohms. Because, 
in general, a contact coated with carbo- 
naceous black powder seldom goes to 
such a high resistance it was concluded 
that the contaminants comprised 
something extra. Indeed, using a wave- 
length X-ray micro analyser it was 
discovered that these contaminants 
were composed of carbon and silica. 


WHAT THEY FOUND 


From their experiments, Hitachi re- 
searchers deduced that the following 
sequence of events takes place: 

1) As the internal temperature of the 
relay rises due to coil energisation, 
low molecular weight organics are 
vapourised from the organic mate- 
rials within the relay. These 
vapours fill the space inside the 
cover, during which time some are 
adsorbed by the contact surfaces. 

2) In this state, if the contacts are 
operated repeatedly, these adsorbed 
organics are decomposed to silica, 
carbon and gaseous materials by the 
contact arcs or molten metal 
bridges. 

3) A vicious circle follows. The more 
carbon that adheres, the more 
organic vapour is adsorbed, and as 
a result, contact arcs occur more 
readily. The contaminants accumu- 
late rapidly towards failure point. 
By mixing carbon and silica together 

in powder form, and in differing pro- 

portions, the researchers also disco- 
vered that contacts polluted at under 

40 per cent silica did not fail. This 

curious 40 per cent point coincided 


WHAT ARE 
SILICONES? 


Look up Silicones in “Compre- 
hensive Inorganic Chemistry”’ pub- 
lished by Pergamon Press, and you 
will find this description: “The 
organopolysiloxanes, popularly 
known as silicones, consist of a 
framework or backbone of alternate 
silicon and oxygen atoms clothed by 
certain selected organic groups at- 
tached directly to the silicon 
atoms.” 

Such qualities as “thermal stabi- 
lity’ and “chemical inertness’’ are 
cited, the latter meaning resistance 
to oxidation. Silicones are unknown 
to the natural world, with no rela- 
tives or precursors in it, and in 
reference works the quality “‘unna- 
turalness’’ is referred to. High mo- 
lecular weight silicone polymers are 
insoluble in organic liquids, with 
the useful outcome that they are 
“bland and protective’ towards 
human skin. 

A surface coated with methyl 
silicone has a high contact angle to 
liquid water, which means it is 
water repellent. Only a few of the 
theoretically possible silicone poly- 
mers are considered useful and 
therefore manufactured. But cer- 
tain silicones are used widely in 
liquid form to put a finishing film 
on paper, textiles and masonry. 
Another application is as a bonding 
agent in glass fibres. 


—Si-O-Si—O-Si-—O-Si-O- 
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SILICONE CONTAMINATION 








with the point at which the resistivity 
exceed 100 Ohms. They concluded 
that, in the initial state, the contami- 
nants are carbon rich, but that the 
carbon is gradually burned off by arc- 
ing (yielding carbon dioxide) while the 
silica remains behind. This explains 
another observed phenomenon, that 
the percentage of silica in the mixture 
varies in proportion to the number of 
contact operations, and the catastro- 
phic failure point. 


THOU SHALT NOT... 


There are a number of steps which 
can be taken to reduce this kind of 
failure. The most obvious precaution is 
to avoid the use of silicone oils, greases 
and fluids altogether in the locality of 
contactors. Even high molecular 
weight, high viscosity silicone lubri- 
cants generally have low molecular 
weight fractions that tend to creep 
from the base material. Silicone mould 
releases should not be used for moul- 
ded parts, and silicone materials used 
to coat, encapsulate, insulate or pot 
electronic and electrical components 





Photo 2. Special cleaning tools, now 
available, used to overcome silicone 
contamination 





should be carefully selected and formu- 
lated. The results of experiments 
designed to discover ways of avoiding 
this class of failure are now widely 
known to many scientists. 

There are other problems to guard 
against. In the very smallest concentra- 
tions the presence of silicones will 
cause problems with paint and coating 
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Photo 3. Electron micrograph showing a crystal of silicone contamination 





adhesion. Silicones are cunning too, 
for even if printed circuit assemblies 
are cleaned in a tank of Arklone of 
Freon (trichlorotrifluorethane) any 
silicones on the board will dissolve in 
the solvent and effectively contami- 
nate further boards cleaned in the 
solvent. 


example, are inert to all plastics tested 
and can be used to break down silicone 
compound crystals so that they are 
easily removed. Continued use of 
Eltinert will prevent the reformation of 
the crystals and, of course, if Eltinert is 
used as a lubricant initially, the prob- 
lem will not occur. 





Photo 4. Use of solvent impregnated cloth to guard against contamination 





PRODUCTS 
RETHINK 


Electrolube has been aware of the 
problem of silicone contamination 
since the early 1960s when it launched 
the pioneering research and develop- 
ment programme which led to the 
introduction of the 2 and 2X range of 
non-silicone based ‘lubricating 
products. 

Continued development work by 
this company has resulted in one of the 
most comprehensive ranges of non- 
silicone based products for lubricating, 
cleaning and protecting electrical and 
electronic components. 

Eltinert contact lubricants, for 


Electrolube has also developed a 
range of coatings designed to protect 
printed circuit boards. Awareness of 
the potential problems resulting from 
unreacted silicones played an impor- 
tant part in the formulation of these 
products. 

Electrolube’s Heat Transfer Com- 
pound is a silicone free preparation for 
efficient and reliable thermal coupling 
of electrical and electronic compon- 
ents to heat dissipating surfaces. 

The amazing properties of silicones 
have become an increasingly integral 
part of our lives, but now it seems we 
must learn to live without them again 
in some areas. Progress... there’s 
always a catch! PE 
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AUTOWAH 

Auto, manual & note triggered Wah-Wah, switchable. Set 140 £24.36 
BASS BOOST 

With variable depth & range. Set 138B £13.62 
BLOW BOX 


















Voice operated filter & amplifier for fascinating effects with voice & music. Set 
214 £29.33 


CHORUS-FLANGER (PE JAN 84) 


Mono-Stereo. Superb dual mode music enhancement. Set 235 £59.99 
COMPANDER 

Mono-Stereo. Compression, expansion, switchable. Set 238 £22.99 
CYBERVOX (EE APR 85) 


Amazing robot type voice unit, with ring modulator & reverb. Set 228 £44.76 


DISCO LIGHT CONTROL (PE NOV 85) 

3 Chan sound to light, with chasers, auto level & computer interface (BBC, 
C64, PET, etc). Program incl. Set 245F £62 

3 Chan sound to light only. Set 245S £42.00 
Both units 750W per chan. 


ECHO-REVERB (PE SEP 84) 

Mono-Stereo. 200MS echo (extendable), lengthy reverb, switchable 
multitracking. Set 218 £57.66 
ENVELOPE SHAPER 

Note triggered ADSR, with VCA. Set 174 
EQUALISER 


3 channels. Variable low pass, high pass, band pass and notch filtering. 
Set 217 £25.33 


FADER 


Voice controlled automatic music fader. Variable rate and sensitivity controls. 
Set 167 £22.22 




















FLANGER 

Variable rate & depth plus phasing controls. Set 153 £28.45 

FREQUENCY DOUBLER 

Guitar octave raiser & tone changer. Set 98 £15.30 

FUZZ 

Smooth distortion, retains attack and decay character. Set 209F £19.58 

GUITAR EFFECTS 

8 variable tremolo and Wah-Wah effects. Set 196 £23.56 

GUITAR SUSTAIN 

Extends note decay time, with noise gate. Set 222 £25.31 

GUITAR TO SYNTH 

Interface for guitar control of synth, with voltage & trigger outputs. wa 
41.41 

HAND CLAPPER 

Auto & manual variable clapping effects. Set 197 £26.69 

HEADPHONE AMP 


For headphones and speakers from 8 ohms, 2 watts. Mono set 156M £18.07 
Stereo set 156S £26.65 


$86ees.. 


£25.20 


EFFECTS, DISPLAY 


AND TEST KITS 


LINKAFEX CHORUS 


Foot pedal. Variable rate & depth, 160Ms to 4 secs. Set 204 


LINKAFLEX DELAY 
Foot pedal. Echo & reverb 10Ms to 450Ms. Set 206 


LINKAFLEX EQUALISER 


Foot pedal. Switchable filtering - low pass, high pass, bandpass, notch. Set 
216 £25.43 


LINKAFLEX FLANGER 
Foot pedal. Variable rate & depth, 160Ms to 4 secs. Set 207 


LINKAFLEX FUZZ 


Foot pedal. Smooth variable distortion. Set 209L 


LINKAFLEX MODULO 


£42.96 


£42.09 


£34.92 


£23.24 


Foot pedal. 8 switchable tremolo and Wah-Wah effects. Set 211 £25.41 
LINKAFLEX PHASER 

Foot pedal. Variable rate & depth, 100Ms to 20 secs. Set 205 £34.38 
LINKAFLEX SUSTAIN 

Foot pedal. Variable note die-away extender. Set 223 £26.47 
METRONOME 

Variable rate & accented beat. Set 143 £21.35 


MICRO-SCOPE (PE DEC 85) 
Turns a computer (PET, C64, BBC, etc) into an oscilloscope. Program incl. 
Mains powered. Set 247 £44 


MIXER — 4 CHAN MONO (PE JAN 86) 
rp ielond input gains, levels, pans, filters, twin outputs, voltage CORRE 
et 229M 


MIXER — 4 CHAN STEREO (PE JAN 86) 
Separate input gains, levels, pans, filters, echo send, PFL, voltage controlled. 
Set 229S £89.95 


MOCK STEREO 


Splits mono signal into stereo simulation. Set 213 


NOISE GATE & VCA (PE MAY 85) 


Mono-Stereo. Automatic noise reduction. Set 227 


£24.37 


£26.61 


PHASER (PE OCT 84) 

Phasing enhanced with modulated filtering. Set 226 £42.36 
PRE-AMP 

Variable level & gain, switchable bass & treble filter. Set 144 £14.93 
REVERB (STEREO) 

Lengthy reverb with stereo signal. Variable level & depth. Set 203 £36.54 
REVERB — MONO (EE OCT 85) 

Superb lengthy reverb unit. Variable depth & level. Set 232 £27.35 
RHYTHM GENERATOR 

9 instruments controlled by pre-programmed chip. 12 basic rhythms, ° 
superimposable with 4096 switch combinations. Set 240 F59.99 


PHONOSONICS, DEPT PE36, 8 FINUCANE DRIVE, ORPINGTON, KENT BR5 4ED. 
TEL: ORPINGTON 37821 (STD 0689, LONDON 66). 










AOE 





RHYTHM GENERATOR 


Computer driven (BBC, PET, C64, etc) 9 different drum instruments. programs 
available. Set 185 £34.64 


RING MODULATOR (PE NOV 84) 


Fabulous effects generation, with ALC & multiwaveform VCO. Set 231 


SAMPLER & 64K DDL (PE JUN 85) 


Digital 64K memory. Up to 65 secs delay, echo, reverb, re-pitch, multi & 
reverse track, loop, etc. Micro interface (BBC, C64, PET, etc). Mains powered. 
Programs available. Rack case. Set 234R £245.00 


SAMPLER — MINI (PE JUN 85) 

Short version of 64K DDL less memory. Micro controlled (PET, C64, BBC, etc) 

looping, pitch changing, multitracking, reverse tracking, echo, reverb etc. Mains 
powered. Programs available. Set 246 £95.00 


SIGNAL GEN & F-V (PE JAN 85) 


Test gear. Multiwaveform VCO, freq. to voltage converter, sweep gen. a 233 







£45.58 















STORM EFFECTS 


Auto & manual wind, rain, surf effects. Set 154 


















TOM-TOM SYNTH 

Sound triggered multivariable drum effects. Set 190 £19.37 
TREBLE BOOST 

With variable depth & range. Set 138T £13.62 
TREMOLO 

Variable depth & rate modulation. Set 136 £15.62 
VOCODAVOX 

Modular vocoder, 7 chans., extendable. Set 152 £79.95 
VODALEK 

Simple robot type voice modulator. Set 155 £18.31 
VOICE—OP-SWITCH 







Voice level controls 1 amp DPDT relay. Variable sensitivity & pause controls. 
Set 123 £20.41 









Published Kits. PE = Practical Electronics; EE = Everyday Electronics. 
Designer John M.H. Becker. 


Boxes — DDL sampler — 19 inch steel rack mounting. Linkaflex units — Robust 
diecast. Other units black steel & aluminium. All kits include PCBs, parts, 
instructions, boxes, wire, solder. 


Further details are in catalogue of over 70 kits - Send 9’x4" SAE. 
(For overseas enquiries & catalogue send £1.00 or 5 IRCs.) 


_ ORDER: Payment CWO, chq, PO, Access, Visa. Insurance cover 50p per 


Details correct at press. E&OE. 
Add 15% VAT. Add P&P £1.50 each kit. (Overseas rates in catalogue.) 











CROFTON PM101 









ONLY £82.80 


xo 


This 9 inch metal cased, mono- 
chrome monitor offers you the 
chance to obtain a high quality 
product at a budget price! 


SPECIAL OFFERS 


MONITOR KITS Brand new profes- 
sional 12 inch. P31 anti-glare panel 
tube with T.T.L. 12v pcb. Easy to con- 
vert to composite. ONLY £30. ZX81 Full 
sized keyboard in metal case £13.80. 
COMPUTER DESKS £20. 
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Be sure to request our free catalogue describing our range of T.V. 
cameras, fixed and zoom lenses, sequential switchers, special and 
general monitors (colour and b/w including the PHILIPS 7502, PHILIPS 
7522 and PHILIPS 2007 plus the full IKEGAMI range), video digitisers, 
light pens, eprom erasers etc. 


| THE VIDEO SPECIALISTS 


Crofton 


ONLY £78.20 










Cameras 
may vary 
from illustration 


















Fully Refurbished. 
Philips 12” Monitor with sound, 


Model BM7502 only £85.10 inc. p&p, VAT 


WATCH THIS SPACE FOR THE 
NEW THOMSON RANGE 





OF MONITORS 









This superb metal 
COMPOSITE COMPUTER COLOUR MONITOR 
is 


CROFTON ELECTRONICS 
35 GROSVENOR ROAD, TWICKENHAM, MIDDLESEX TW1 4AD 
SALES & SERVICE: P.O. BOX 6, KINGTON HRS 3SX. LYONSHALL 557 





THE NOVEX 1414 


ONLY £185.15 


















cased 14 inch RGB/ 


this 
= om ms fe)\\i [om ¢ a ce): 


Quickly locate mislaid keys.-Fob emits a shrill 

] tone in response to your whistle! ONLY £7.95 

ALL OUR PRICES INCLUDE VAT, CARRIAGE 

& INSURANCE AND CAN ONLY BE HELD 
AS LONG AS STOCKS LAST! 


PHONE YOUR ORDER NOW! 


MOST MAJOR CREDIT CARDS ACCEPTED 
OFFICIAL ORDERS FROM APPROVED IN- 
DUSTRIAL OR EDUCATIONAL ESTABLISH- 
MENTS WELCOME. 


Delivery within 28 days 


unbelievable value at price! 















@ 01-891 1923 
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INGENUITY UNLIMITED 


A selection of readers’ ideas 


MONITORED 
OSCILLATOR 


Simple resonant measurer of induc- 
tance, capacitance or frequency plus 
any-waveform converted to a pure 
sinewave or sinewave oscillator 


HIS simple circuit uses the principle 

that an inductor and capacitor in 
parallel can be put in the negative 
feedback loop of an operational ampli- 
fier where it will act as a wavetrap at 
one frequency only, the resonant fre- 
quency. If a signal is fed into the 
amplifier at any other than the reso- 
nant frequency, there will be no gain. If 
positive feedback is then applied the 
circuit will oscillate at the resonant 
frequency. 

By using of a chart which relates 
frequency, inductance and capaci- 
tance, one can find the unknown, 
providing two of the variables are 
known. The circuit provides a very 
simple way of measuring, for example, 
inductance providing a known fre- 
quency and capacitor can be used to 
obtain resonance. This circuit is de- 
signed for audio frequencies but R.F. 
could also be covered. I have not 
developed such a circuit. 


So o oCoO0O” AN wo WArIBOS 


INDUCTANCE 
CAPACITANCE IN MICROFARADS 


TUNED FREQUENCY IN CYCLES PER SECOND 


WwW 
~ 
cx 
Zz 
Ll 
a 
pars | 
a 
= 


®o RAR IeHWO 


N 


AUDIO RANGE L,C AND F 


Fig. 2. Frequencies chart 
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AUDIO GEN. 
INPUT 


(PEI45M] 


Fig. 1. Monitored oscillator 





OUTPUT 


R4 
(MULTIPLIER 





Fig. 2 shows the frequency chart. 

To measure an unknown inductor, 
connect the input to an audio genera- 
tor and the unknown inductor to ““L 
under test”. Use a known value of 
capacitance connected at “‘C under 
test”. Vary the incoming frequency 
until a reading is given on the volt- 
meter whilst also varying VR1 until a 
sharp peak is observed at a particular 
frequency. VR1 must not be advanced 
too far or the circuit will self oscillate. 
To measure capacitance proceed in a 
similar way except that a known induc- 
tance should be connected. For fre- 
quency measurement use a known in- 
ductance and capacitance. 

If an oscilloscope is connected at the 
output a very good sinewave will be 
present at resonance. This will still be 
so even if a square wave source is used 
at the input! Indeed, practically any 
waveform input may be used and will 
yield a good sinewave output at reso- 
nance. Furthermore, if the input is 
shorted and VRI1 increased (towards 
C1) the circuit will go into self oscilla- 
tion and produce an excellent sinewave 
provided the positive feedback is not 
too great. 

The “goodness” (Q) of inductors 
and capacitors can be estimated by the 


ease with which they will go into 
resonance and the sharpness of tuning. 

No values are shown for R4 and 
ME 1. These form a d.c. voltmeter with 
D1 rectifying the output. Almost any 
d.c. voltmeter of around 3V to 4V f.s.d. 
will do. The prototype uses a 20k 
resistor in conjunction with a 200uA 
moving coil meter. The ohms-per-volt 
figure times 3 or 4 of the meter will 
give a value for R4. For example, a 
5O0uA movement would be 20,000 
ohms-per-volt, so use 60k to 80k. None 
of the component values are critical 
with the exception of any standards 
used for Ll or Cl or the input 
frequency. 

The prototype was made up in a 
small plastics box about 150 x 75 x 
50mm. This was fixed to a piece of 
plywood having the chart glued on. 
The two PP3 batteries were fitted 
inside and a small moving coil meter 
installed. This is very convenient to 
use. A straight-edge on the chart finds 
the unknown, given the other two 
variables. Flying leads and croc-clips 
are used to connect the capacitor or 
inductor. 

B. G. J. Wallwork, 
Cookridge, 
Leeds. 
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UNUSUAL CLASS-A 
AMPLIFIER 


High quality audio reproduction at 
very low cost 


AUNTING the old ghost of how to 

make the best possible low-cost 
audio amplifier, suitable for the home- 
constructor’s, often somewhat limited, 
measuring and testing facilities, I came 
upon this idea. A quite unusual, and 
yet very simple circuit, performing 
high quality audio reproduction at a 
very low cost. 

It consists of a long-tailed pair, 
TR1- TR2, plus three current mirrors. 
The non-inverting transistor TR2 
drives the positive output transistor 
TR7 via TR6. Since TR6-TR7 form a 
current mirror with different emitter- 
resistor values, the current flowing 
through TR7 will be approximately 
460 times (R3/R4) higher than the one 
through TR6, thus producing the cur- 
rent necessary for driving the speaker. 
The same of course goes for TR8-TRY, 
being driven by the inverting input 
transistor TR1 via the current mirror 
TR4-TRS. 

Since no current amplification takes 
place in TR4—-TRS, the current driving 
TR8-TR9 is equal to the one driving 
TR6-TR7, if TR1-TR2 are in balance. 
(The only function of TR4-TRS is to 
invert the current flow from TR1 to 
TR8.) Thus the quiescent current 
through the output rail depends on the 
current flowing through TR1 and TR2. 
This can be set by adjusting VR2, since 
Ic TR1 + Ic TR2 = Ic TR3, and TR3 
functions as a constant-current genera- 
tor. This also makes the circuit less 
dependent on variations in supply vol- 
tage. Furthermore it provides output 
current limitation, since the maximum 
drive current from TRI-TR2, and 
thus the output current, will at no time 
exceed twice the Iq. 

For adjustment, turn VR2 (starting 
at max. resistance) until the quiescent 





Fig. 3. Class-A amplifier 
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INGENUITY UNLIMITED 


SIDELIGHT 


WD1 


12V 
BUZZER 


C1 | 
100) 
IGNITION aa RLAI 
FUSE Yo D1 
4N4001 





Fig. 4. Headlight alarm 


CAR HEADLIGHT 
ALARM 


Next winter, make sure that your 
car will start 


HIS circuit was designed two years 

ago, when I suffered two flat batter- 
ies ON consecutive mornings, to com- 
bat this problem. The circuit cost just 
over £2.00 to build and has success- 
fully been in operation since. | 

The circuit takes its power from the 
sidelight and ignition fuses. Diode, D1 
isolates the circuit when either the 
ignition is on or the lights are off, when 
a warning would not be wanted. 

The circuit has two modes of opera- 
tion. When the lights are switched on 
with the ignition on, as would be the 
case during normal driving, both fuses 
will be at +12V and so no current will 
flow. However, if the ignition is now 
switched off without the lights also 
being switched off, the ignition fuse 
will now be at earth potential and 
current will flow through the buzzer 
and give the required warning. 

If the lights are required as parking 
lights then the relay comes into opera- 
tion. If the sidelights are switched on 
while the ignition is off then Cl causes 


current through the output rail is ap- 
proximately 600mA (0-24V_ across 
R4), and VR1 to set OV at the output. 
Repeat until the desired condition is 


+12V 


R4 
0.N39 (2W) 





the relay to momentarily operate. The 
contacts, therefore, switch over divert- 
ing the current from the buzzer and 
latching the relay, thus suppressing the 
warning. When parking, the lights are 
simply switched off and back on, to 
halt the warning. 

S. L. Jones, Pittingham, Durham. 


REGULATOR 
+10V AND +5V 


HIS circuit provides stabilised, 

+10V and +5V, supplies from an 
unstabilised input of +11V to +20V. It 
can be used for powering op-amp 
circuits from a single supply using the 
+5V supply as a centre reference 
supply. 

A 7805 provides the +5V output and 
is used as the reference for the +10V 
supply. D1, a 5V6 zener diode ensures 
the output is SV above the +5V supply 
via the amplifier transistor, TR1 and 
the series pass transistor TR2. Using a 
pnp series pass transistor means that 
the input-output differential voltage 
can be as low as 0-5V whilst maintain- 
ing regulation. 

K. Wevill, Ratby, Leicester. 









Fig. 5. Regulator circuit 


established, before connecting the 
speaker. 

Note that TR6 and TR7 must be 
mounted close to each other at the 
heat-sink to prevent thermal run-away. 
The same of course goes for TR8-TR9. 
Don’t forget that a class-A output stage 
gets hot! For TR4 and TRS one can use 
any general purpose pnp-transistor, but 
make sure that it will operate at the full 
supply voltage. Note also, except TR3, 
TR4 and TRS, the rest are darlington 
types. 

Preferably all transistor pairs should 
be matched, but this is not strictly 
necessary, except for TR4 and TRS. 
With component values as shown, the 
amplifier will deliver some 8 watts into 
an 8 ohm load. This of course can be 
increased by increasing supply voltage 
and quiescent current, although it 
should not be taken too far. 

J. Moller, 
Copenhagen, 
Denmark. 
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ROBOTICS REVIEW 


By NIGEL CLARK 





Our regular look at robotics 


HE world of the Alfreds from Robot 

City Technology of Milton Keynes 
is expanding. As announced in Practi- 
cal Electronics two months ago the 
company has developed a bigger ver- 
sion of the Alfred I known as Alfred I, 
which is now available with the first 
orders having been sent out. 

The design is based on the meccano- 
like appearance of the Alfred I, it being 
a traditional five axis arm with gripper, 
powered by servos with closed loop 
control and driven by a toothed belt. 
However, the construction is far more 
rugged. 


MODULAR CONCEPT 


Alfred I at a price of about £200 and 
with a modular building concept is 
intended as an introduction to robots 
with the possibility of expansion later. 
Alfred I is selling for about £1,300 and 
is aimed at higher education but is also 
strong enough to be used in some light 
industrial applications. 

The larger Alfred has a quoted lifting 
capacity of 2kg, although the makers 
say that it has lifted 3kg, whereas 
Alfred I can only lift 170gms. Its reach 
at 580mm is greater than the 380mm 
of the Alfred I, with the waist being 
able to move through 270 degrees, 
shoulder through 110 degrees, elbow 
135 degrees, wrist pitch 180 degrees 
and roll 180 degrees. It also has an on- 
board Z80-based processor which can 
accept up to 200 steps being entered 
from a keyboard. In addition it can be 
controlled by a BBC B and Spectrum 
through the serial port. | 

The development of an on-board 
processor and using a serial rather than 
parallel port have been adapted for the 
Alfred I and the parallel port is being 
phased out. 

Alfred I is breaking into the export 
market with the European and Ameri- 
can markets being studied. One prob- 
lem which has been encountered in 
some parts has been the name. Appar- 
ently in some German-speaking coun- 
tries Alfred is a well-known television 
character who beats up his wife regu- 
larly. Robot City has decided that 
rather than be associated with that sort 
of character it preferred to change the 
name, so Alfred is now known as Pico 
in those countries. 
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Not so successful has been Reekie 
Technology with its Reekie Universal 
Robot, which was featured in Practical 
Electronics last year. While it has at- 
tracted interest from a large number of 
enthusiasts, none have so far come 
forward to buy one. 

The company saw the RUR as the 
first step towards creating a low-cost 
device which people would accept as 
looking like a robot but also performed 
some quite complicated manoeuvres. 
Before its introduction the market was 
limited to the toys from Tomy, Omni- 
bot, Verbot and Dingbot and for a 
short time the Androbot range or the 
much more expensive Hero 1, which 
was considered for the education 
market. 

RUR, selling in kit form for about 
£450, is a mobile robot with a central 
processor control and battery-driven 
motor. A serial output allowed control 
from an outside micro. It was built so 
that it could be expanded with the 
addition of a number of add-ons such 
as sensors so that it could gain some 
idea of its environment. 

However, the lack of response has 
meant that the development of further 
add-ons is a low priority at Reekie for 
the moment. 

“It is incredible,” said a spokesman. 
‘We were warned that it might take a 
while for the product to get established 
but we did not think the reaction 
would be as low as this.”’ 

In the meantime the company is 
concentrating on its more successful 
lines. These include the Cepek Scara 
robot which was also launched last 
year but has been selling quite well and 
the mobile robot for working in haz- 
ardous environments such as fires or 
where there is a suspected unexploded 
bomb. 

But the Universal has not been for- 
gotten and if there is a sudden burst of 
interest, Reekie is ready to respond. 


COMMOTION 


Commotion of Enfield has produced 
a new power supply which can cope 
with the extra demands for power with 
the increasing number of add-ons be- 
ing connected together. It is intended 
primarily for the schools market but 


in education and industry 


that does not preclude the home enthu- 
siast from taking advantage. 

Tim Coote of Commotion said that 
power supplies at present did not push 
out enough power for all the devices 
that were being run off them. His 
supply has two outputs one producing 
5 volts at a rate of 1 amp and the other 
switchable between 6 volts and 12 
volts at a rate of 4 amps. The switch- 
able output levels are both variable by 
1 volt either way. 


BEASTY SERVO 


Coote says that the supply, which 
sells from £55, is completely protected 
and idiot proof. All the possible incor- 
rect connections have been considered 
and the device has been made so that 
nothing serious will happen whatever 
is done to it. 

In response to popular demand the 


-company has also produced a gripper 


for its simple Beasty arm. In its origi- 
nal form the 3-axis Beasty only had a 
hook or an electromagnet for picking 
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up things. Now, however, for £15 it is 
possible to add a two-fingered gripper. 

The upgrade kit includes another 
Beasty servo and instructions on how 
to adjust the building of the arm. 
Because the arm is so small and light 
slight changes have to be made in its 
construction to allow for the extra 
weight of the servo and gripper on the 
forearm. The rest of the servo-driven 
arm, which costs in kit form about 
£120 and runs off the BBC B with the 
help of a thorough and well-written 
manual will be the same. 


ARMS TO THE GULF 


Cybernetic Applications continues 
to develop its range of arms and acces- 
sories. The latest addition is a measur- 
ing gauge to go with its work cell. 

The gauge measures the width of 
objects as they pass along the work- 
cell’s conveyor belt. The objects can 
then be either accepted or rejected, 
sorted into various sizes or statistics 
calculated of the different sizes. It is 
available now and works with Cyber- 
netic’s full range including the Nep- 
tune, Mentor, Naiad and Serpent. 

The company is also expanding into 
new markets overseas. It is still waiting 
for orders to flow in from its agent in 





Russia but in the meantime it is selling 
to other exotic locations. The latest is 
an order for most of the company’s 







range from a research establish- aaa 


ment in Bagdad, Iraq. 
Dick Becker, manag- rs 
ing director of Cy- ge 
bernetic, said that 

there were no prob- _... 
lems with the order 
except that the arms should not be 
addressed to the Persian Gulf. The 
Iraqis prefer to call it the Arabian Gulf. 

Despite the failure of the First Euro- 
pean Personal Robotics Conference 
and Exhibition held last year in Lon- 
don it is hoped to organise a similar 
but more successful event this year, 
again somewhere in London and in 
July. 

A number of professional bodies 
which have an interest in the robotics 
field have been approached to see if 
they would be interested in helping to 
organise the event. They include the 
Institute of Electronic and Electrical 
Engineers, the Institute of Mechanical 
Engineers and the British Computer 
Society. 

The optimism that a conference 
could be a success in Britain is based 
on the growing interest being seen in 





robotics particularly in education and 
the experience of the two personal 
robotics conferences in the States in 
the last two years, first in Albuquerque 
and last year in San Franscisco, which 
attracted a number of visitors from 
Europe. PE 





CURRENT AND 
VOLTAGE MONITOR 


Provide cost effective p.s.u. moni- 
toring with a d.p.m. and a minimum 
of components 


HIS circuit was designed to enable a 
digital panel meter (d.p.m.) to 
monitor the output current and voltage 


FEED BACK TO 
REGULATOR 


(OP AMP SUPPLIES 


Fig. 1. Complete circuit diagram 





of a variable power supply with the 
minimum of switching. 

IC1, a 741 op-amp is configured as a 
differential amplifier which gives an 
output proportional to the voltage 


drop across the series pass regulator. 


transistor emitter resistors and is inde- 
pendent of the p.s.u. output voltage. 
The gain of the amplifier is approxima- 
tely +. This is to ensure that the voltage 
at the non-inverting input of IC1 does 
not exceed the op-amp +Ve supply. 
The values given enable the circuit to 


% EXISTING SERIES REGULATOR TRANSISTOR (S) 
+ EXISTING EMITTER RESISTORS TYPICALLY Of5 


SET FULL 
SCALE 


VR2 
100k 


VOUT 
TO METER 


+5V TO +15V) 
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DIGITAL 
PANEL 
METER 


FROM 
CURRENT 


MONITOR VIN 
TYPICALLY 


0-2V 


-Vout O 


% RESISTORS TO SUIT OUTPUT 
VOLTAGE FROM PSU. 





Fig. 2. D.p.m. connections 


work with p.s.u. output voltages up to 
6 times the op-amp +Ve supply vol- 
tage. IC2 amplifies the output up to the 
level required by the d.p.m., typically 
0 to 2V. 

Fig. 2 shows the connections to the 
d.p.m. to enable the p.s.u. output vol- 
tage and current to be monitored. 

The op-amp power supplies can be 
derived from the d.p.m. or a separate 
+Ve regulator and negative voltage 
converter such as the 7660 fed from 
the unregulated input. The set zero 
control should be adjusted for a read- 
ing of zero with no load on the p.s.u. 
Adjust the set full scale for a reading 
cc canitanoin to the load current. 

K. Wevill, 
Ratby, 
Leicester. 
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INDUSTRY NOTEBOOK 


BY NEXUS 





What’s happening in the electronics 
world—and down in the sewers 


STC ALL SET FOR 
RECOVERY 


Standard Telephone & Cables is 
beginning to get back on its feet finan- 
cially after a disastrous 1985. In 
August last year it reported a first-half 
net loss of £8-7 miullion—compared 
with a profit of £44-4 million in the 
previous year. The share price plun- 
ged, to put the company among the 
worst performers on the stock market. 
In the same year the then chairman, Sir 
Kenneth Corfield, resigned. 

Rescue action, however, was very 
prompt. By September the company 
had brought in a new chief executive, 
Arthur Walsh, who came from Mar- 
coni (GEC). He immediately started a 
major cost-cutting exercise, aimed at 
restoring confidence in the financial 
world. Inevitably, heads rolled, both in 
the board of directors and at lower 
levels. Following the GEC formula, 
authority for making important deci- 
sions has been decentralised and now 
the managers of individual plants with- 
in STC have much more autonomy. 

Bureaucracy at head office has been 
severely pruned and the company is 
moving out of its plush h.q. in the 
Strand, London—at which I confess to 
having enjoyed several unnecessarily 
lavish meals in the course of duty. 
(Message to the board: I'll be quite 
happy with a cup of tea and a biscuit in 
the future.) 

On the electronic components side 
alone, the new board of directors has 
removed about 150 people and reor- 
ganised the management of the com- 
pany concerned, STC Components 
Ltd. More jobs will be lost when this 
part of the group closes its tantalum 
capacitor plant at Aycliffe, Co. Dur- 
ham, early this year. 

One of the new STC directors is 
actually an old hand in the electronics 
industry: Sir Raymond Brown. At the 
beginning of his long career, as plain 
Mr Brown, he worked for Redifon on 
radio communication equipment and 
for Plessey. In 1950 he was one of the 
two founders of Racal. (The ‘Ra’ in the 
company’s name comes from Ray- 
mond.) In later years Brown became 
widely known through his Ministry of 
Defence job as a kind of super-sales- 
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man for exporting British-made mili- 
tary equipment. More recently he re- 
turned to the electronics industry as 
chairman of Muirhead. 


A DOUBLE LIFE 


What seems extraordinary to plain 
folk like electronics engineers is that a 
company such as STC can go through 
such violent financial and manage- 
ment upheavals while still performing 
a perfectly stable and successful role in 
engineering and manufacturing. STC 
is an old-established, highly respected 
company which continues to get sub- 
stantial orders from important cus- 
tomers. Just recently, for example, it 
has won a £50 million order from 
British Telecom for exchange equip- 
ment, a £4 million one from the USA 
for optical fibre cables, and a £1 mil- 
lion order from China for optical trans- 
mission equipment. Last year STC 
bought ICL (International Computers 
Limited) and thus added computers 
and data transmission to telecom- 
munications to become a full-blown 
information technology group. 

It’s a paradox of the business world 
that product development, manufac- 
turing and sales can carry on quite 
successfully while, at the same time, 
the management of the people, re- 
sources and finance can go badly 
wrong. There must be some structural 
weakness in systems that allow this 
dissociation to occur. 


BRITAIN’S COMPUTER 
PAST 


A recent trip to the Science Museum, 
South Kensington, served to remind 
me how ICL, now part of STC, actually 
came into being. I went to see the 
remains of the pilot model of the ACE 
(Automatic Calculating Engine) devel- 
oped by the National Physical Labora- 
tory during the 1950s. This research 
machine was eventually used as the 
basis of a commercial product, English 
Electric’s DEUCE computer. Similarly 
Manchester University’s pioneering 
work on digital computers was put 
into commercial form as the Ferranti 
Mark 1. 

In those early days there were, on the 
one hand, university, industrial and 


government research laboratories who 
understood and constructed digital 
computers and, on the other hand, 
business equipment manufacturers 
who couldn’t understand or develop 
computers but knew a lot about busi- 
ness data processing as it was then 
practised. Inevitably, the two sides got 
together. In addition to the two part- 
nerships mentioned above, British Ta- 
bulating Machine Co. teamed up with 
GEC, Powers Samas with Ferranti, 
and National Cash Register with 
Elliot. Later, Lyons Electronic Office 
(LEO) joined forces with English Elec- 
tric to form English Electric Leo 
Computers. 

Then the massive competition from 
IBM and other American computer 
giants became too much for these 
individual UK partnerships and even- 
tually they all came together for protec- 
tion in the form of International Com- 
puters and Tabulators (ICT). This was 
the forerunner of ICL, which therefore 
became virtually the repository of the 
British main-frame computer business. 


MILITARY 
ELECTRONICS 


A gremlin in the February issue of 
PE made my comments under ‘If peace 
breaks out’ end rather mysteriously 
with Groucho Marx, the real end-piece 
being lost. 

Having said that the UK electronics 
industry is heavily dependent on mili- 
tary electronics business and particu- 
larly on Ministry of Defence spending, 
I started to suggest that the possibility 
of an end to East-West tension and a 
consequent cessation of the arms race 
would bring about considerable 
changes. My conclusion, accidentally 
deleted, was that if the electronics 
industry really sees a viable future for 
its customer Homo sapiens it should be 
considering what to do in the absence 
of a fear-induced market for military 
equipment. Those apologists who try 
to justify military R&D effort by point- 
ing to the benefits of peaceful spin-offs 
should start considering these spin-offs 
as primary developments and _ pro- 
ducts. If these products are really so 
beneficial to us they should be worth 
making and selling in their own right. 
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ELECTRONICS DOWN 
THE TUBE 


Every time you flush the toilet or 
pull the plug out of the bath or kitchen 
sink I don’t suppose you give a mo- 
ments thought to how the domestic 
effluents are safely and swiftly carried 
away from your household. And you 
may now ask what this has to do with 
electronics. 

Well, there is in fact a small but 
growing sector of the UK electronics 
industry which is deeply concerned 
with this process. It consists of about 
half a dozen small companies who 
make closed-circuit television equip- 
ment specially designed for the mucky 
business of inspecting sewers—mainly 
the pipes which are too narrow to be 
entered by human inspectors. Two 
such firms are Telespec Ltd and Rees 
Instruments Ltd, both from near 
Woking, Surrey. 

The basic reason for the emergence 
of this TV inspection technique is that 
Britain’s sewers are crumbling. Many 
were built over a hundred years ago in 
response to the concentration of popu- 
lation in towns following the Industrial 
Revolution. They did much more for 
public health than medical science 
could manage and largely got rid of 
cholera epidemics in London and 





other cities. But the old sewer pipes are 
now disintegrating at an alarming rate. 
Local and water authorities are busy 
on an almost permanent programme of 
repair. , 

To dig up old pipes laid under busy 
thoroughfares and buildings would 
cause far too much disruption, socially 
and economically, so many of these 
pipes are being re-lined with plastics 
materials, working from a manhole at 
one end. This is where the special 
immersion-proof CCTV equipment 
comes in. It is used first to inspect the 
initial state of the pipes and record the 
nature and position of the damage. 
Then it 1s used to observe and control 
the operation of remotely controlled 
water-jet cutting machines which 
travel along the pipes and clear away 
all kinds of obstructions to the re- 
lining process. Finally, after re-lining, 
the TV equipment is used again for a 
final inspection of the work. 


LARGE PROPORTION 


A large proportion of the output of 
these small firms is exported for use in 
similar sewer repair work abroad. 
What happened in Britain during the 
19th century also happened a little 
later in the rest of the industrialized 
world. The steady disintegration of 


old sewer pipes throughout North 
America, Europe and all countries 
which are now industrializing and at- 
tracting people into large conurbations 
should provide plenty of future busi- 
ness for this little-known sector of the 
UK electronics industry if it manages 
to stay competitive on price and 
delivery. 


PHILOLOGICAL 
FOOTNOTE 


Nexus is my name, and my nature is to 
connect. Of course, this pseudonym 
refers both to the fact that I join with 
you 1n communication and the fact 
that electrical connection is at the very 
heart of the electronics business. 

Also appropriate, perhaps, is the 
somewhat derogatory phrase ‘the cash 
nexus —meaning that many human 
relationships are based not on purely 
human values like the concept of duty 
but exist only through money transac- 
tions. Thomas Carlyle, the 19th-cen- 
tury historian and philosopher, pro- 
bably originated the phrase in his essay 
on Chartism. He refers to “epochs 
when cash payment has become the 
sole nexus of man to man.” I wonder if 
EFT (electronic funds transfer) would 
have made any difference to the old 
curmudgeon’s distaste. PE 
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CONSTRUCTIONAL PROJECT 


SCRATCH AND RUMBLE 
FILTER UNIT 


BY D. STONE 


Audio enhancement unit for stereo hi-fi systems 
—featuring switchable filtering 


When making audio tape recordings, 
noise on the tape can become annoy- 
ing. This noise can take two forms, the 
first is high frequency ‘hiss’, and the 
second is low frequency ‘rumblings’. 
The high frequency hiss can be caused 
by the tape medium and/or the ampli- 
fier. The low frequency noise is less 
noticeable and it is generally caused by 
the record or the record deck. 

To try to combat the problem of 
noise, the audio enhancement unit 
consists of stereo scratch (high fre- 
quency reject) and rumble (low fre- 
quency reject) filters. These filters have 
switched frequency responses in order 





Fig. 2. Second-order filter 


to control the filter for the correct 
degree of band reject. The scratch filter 
has switchable cut-off frequencies of 
13kHz, 8kHz and 3-5kHz. All frequen- 
cies below these are passed unaffected 
by the scratch filter, all frequencies 
above the cut-off frequencies are atten- 
uated by -12dB per octave in each 
channel. 

The rumble filter cut-off frequencies 
are 30Hz, 60Hz and 110Hz. This filter 
will pass any signals unaltered if they 
are above the cut-off frequencies and 
attenuate signals with 12dB per octave 
below these frequencies. The rumble 
filter in the 60Hz and 110Hz positions 
will remove any mains hum from the 
signal. The 110Hz position will also 
remove power hum if it is due to 
rectified mains, i.e. caused by the 
power supply. 
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Fig. 1. Filter variations 


CIRCUIT DESCRIPTION 


The project is based around two 
identical halves, one for each of the 
two channels. Each channel is made up 
from a low pass filter followed by a 
high pass filter. Switches are provided 
to bypass the filters if required. 

The filters are second order Sallen & 
Key configuration filters. The standard 
first order filter for a low pass system is 
shown in Fig. la. This filter has a 
corner frequency of 2mCR. The Roll- 
off is 6dB/octave. In this circuit, the 
capacitor is an open circuit at d.c. and 
doesn’t influence the circuit much at 
low frequencies. In effect it is similar 





to just putting a resistor into a low 
frequency line. As the frequency in- 
creases, the capacitor conducts more 
and more. This increased conduction 
tends to short the high frequencies to 
the signal earth point. 

If two of these networks are put in 
series, a second order filter is pro- 
duced. The corner frequency is the 
same, but the roll-off is now twice the 
above figure, i.e. 12dB/octave. This 
configuration is shown in Fig. 1b. 

Unfortunately, at low frequencies, 
even though the capacitor has negli- 
gible effect on the signal, the resistors 
do weaken it. To overcome the effect 
of the resistors, an operational ampli- 
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SCRATCH AND RUMBLE FILTER 


RUMBLE FILTER 


R1 27k R2 12k R3 15k 


+4:5V 
1C1(101) PIN 
TC2(102) PIN 


10u16V C102 100n § C103 100n 


R101 27k R102 12k R103 15k 


DJG 005 


Fig. 3. Complete circuit diagram 


SCRATCH FILTER 


R? 18k RB 12k 


R107 18k R108 12k R109. 39k 





C4 680p 


C6 CERT 
10u 16V OUTPUT 


Sta SK2 


er 


C104 680p 


C106 RIGHT 
10u 16V OUTPUT 
i Sub - 9K102 





fier is used to boost the signal back to 
its original level. A schematic diagram 
is shown in Fig. lc. This provides a 
system which doesn’t alter the signal 
below the cut-off (or corner) frequency, 
and attenuates the signal at 12dB/oc- 
tave after it. The gain of the op-amp 
should be set to just cancel the effect of 
the resistive signal drop. 

A complete circuit diagram of the 
unit is shown in Fig. 3. To set this gain, 
external components are needed 
around the op-amp. These extra com- 
ponents can be removed if the op-amp 


PIN 104 
PIN105 
PIN 108 
PIN 106 


PIN 103 
PIN 109 
PIN 102 


PIN 101 


DJG 006 


Fig. 4. Switch wiring details 


is set up as a voltage follower and the 
grounded end of the first filter capaci- 
tor connected to the op-amp output 
instead. This is the standard second 
order Sallen & Key circuit shown in 
Fig: 2. 

The variable corner frequencies are 
found by varying the values of the 
resistors together. This was achieved 
with 4-pole, 3-way switches. A split rail 
supply was derived from a 9V battery 
with R13 and R14. This supply rail 
(signal earth) was decoupled with C7 
and C8. 


PIN 117 
PIN 118 
PIN 112 
PIN 119 


PIN115 
PIN 111 
PIN 114 


PIN 113 








CONSTRUCTION 


Construction of the project is fairly 
simple if it is done with some degree of 
care. There is a moderate amount of 
interwiring to be carried out, this is 
due to the great versatility of the 
project. 

The p.c.b. should be constructed in 
the usual method, wire links first fol- 
lowed by resistors, i.c. sockets, Vero 
pins and capacitors. When wiring the 
project, it is advisable to use screened 
leads for the inputs to the board. 


IN 11 BATTERY 
PINS PIN 110 SVE 


RIGHT 
PIN 16 oUTpUT 


4+VE 
ee 
PIN7 PIN116 
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7 8 
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PIN 105 
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PIN 103 


PIN 102 
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RIGHT PIN PIN 
\/P 107. 108 


RIGHT 
SCREEN 


Fig. 5. P.c.b. design and component layout 


PIN PIN PIN PIN 
10 1 12 
+VE SUPPLY -VE SUPPLY 
(+VE BATT. VIA SS) (-VE BATTERY) 





PIN PIN PIN PIN 
109 110 i 112 


PIN 13 
PIN 14 
PIN 15 
PIN 16 
PIN 17 
PIN 18 
PIN 19 
PIN 119 
PIN 118 
PIN 117 
PIN 116 
PIN 115 
PIN 114 


PIN 113 





Both left and right channels have 
been put on the same board for simpli- 
city. The components for the right 
channel are all numbered upwards 
from 100. R1 in the left channel is 
duplicated in the right channel by 
R101. 

The output sockets should be chosen 
to suit the equipment which the unit is 
to be used with. The prototype used 
DIN sockets. The unit can either be 
fitted into a plastic or a metal case, the 
prototype being housed in a plastic 
case. 


IN USE 


If the circuit is wired correctly, there 
is no setting up required. As there is a 
fair amount of wiring, a moderate 
amount of care should be taken with it. 
The wiring is not difficult, maybe just a 

little tedious. 

In use, the cut-off frequencies should 
be set to give the best sound according 
to your taste. The prototype was used 
between a pair of tape decks in a Hi-Fi 
system. The power for the prototype 
was provided by a PP6 battery. If a 
mains supply is being considered, care 
should be taken to ensure that mains 
hum does not find its way onto the 
power supply rails due to insufficient 
power supply decoupling. 
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PE SERVICES 





BACK NUMBERS 
AND BINDERS 


issue required. 





postage, packing and VAT. 


Copies of most of our recent 
issues are available from: 
Sales Department (Practical Elec- 
tronics), Practical Electronics 
Magazines Ltd., 16 Garway 
Road, London W2, at £1.40 each 
including Inland/Overseas p&p. 
Please state month and year of 


Binders for PE are available 
from the same address as back 
numbers at £5.50 each to UK or 
Overseas addresses, including 


Post 





Cut out the coupon on page 55 for back issues, binders, subscriptions 
or p.c.b.s and send it together with payment to Practical Electronics, 


16 Garway Road, London, W2. 
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P.C. BOARDS 


Printed circuit boards for certain PE constructional projects 
are now available from the PE PCB Service, see list. They 
are fully drilled and roller tinned. All prices include VAT 
and postage and packing. Add £1 per board for overseas 
airmail. Remittances should be sent to: PE PCB Service, 
Practical Electronics, Practical Electronics Magazines Ltd, 
16 Garway Road, London, W2. Cheques should be crossed 
and made payable to Practical Electronics Magazines Ltd. 

Please note that when ordering it is important to give 
project title, order code and the quantity. Please print name 
and address in Block Capitals. Do not send any other 
correspondence with your order. 

Readers are advised to check with prices appearing in the 
current issue before ordering. 
NOTE: Please allow 28 days for delivery. We can only supply 
boards listed here. 


PROJECT TITLE ORDER | COST 
CODE 
MAR °84 
430-01 £2.90 


Spectrum Autosave 
MAY ’84 











Sustain Unit 
Audio Signal Generator 












JUNE ’84 
Cross Hatch Generator 


JULY 84 
Simple Logic Analyser I 
EPROM Duplicator 
Alarm System 
Oscilloscope Calibrator 


AUG °84 
Comm. 64 RS232C Interface 
Field Measurement 


Simple Logic Analyser II 


SEPT ’84 
Parallel to Serial Converter £2.92 
Through the Mains Controller £2.90 

” £2.90 


OCT ’84 

Logic Probe 410-01 £2.90 
NOV °84 

Computer DFM Adaptor 411-01 £2.90 





































DEC °84 

Ni-Cad Charger 412-01 £2.90 
JAN °85 

Outrider Car Computer (Set of 2) 501-01 £9.10 











FEB °85 
Modular Audio Power System 

Pt-1: Power Amp Board 
Spectrum DAC/ADC Board 


MAR ’85 
Modular Audio Power System 
Pt-2: Pre-Amp/Line Driver 
Main Board 
Heart Beat Monitor—Main Circuit Board 
—Detector 
Low Cost Speech Synthesiser 






502-01 £4.19 
502-02 £3.69 
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APRIL ’85 

Power Control Interface 

Disc Drive PSU 

Modular Audio Power System 
Pt-3: Test Signal Source 

Power Supply 

MAY ’85 


Amstrad Synthesiser Interface 
Rugby Clock Pt-2 




















JUNE ’85 
CBM64 Music Keyboard 
Keyboard 
Main PCB 











506-02 £4.55 
506-03 £3.50 
507-01 £3.92 
506-01 £3.28 





JULY ’85 
MTX 8 Channel A to D 
Voltmeter Memory Adaptor 


AUGUST ’85 
Envelope Shaper 508-01 £3.73 
SEPT °85 


Car Boot Alarm 
RS232 To Centronics Converter 


OCT ’85 
Touch Control PSU 
Exp. with Robots (double-sided) 
Modulated Syndrum 


509-01 £2.90 
509-03 £4.95 


NOV ’85 
CBM User Port Expander 
Model Railway Track Control 
*Bytebox: ROM Board (double-sided) 
ZIF Socket 


RAM Board 

Battery Backed RAM 

EPROM Board 

*Special Price—Complete set of 
5 boards 


DEC ’85 
Rec Board—A 
Rec Board—B 
Rec Board—B Ext 


Model Railway 
Track Control 


Test Load 
JAN °86 
Exp. with Robots 
Spectrum Speech 

Synth & 8-Bit I/O Port 
(double-sided) 


FEB °86 





022 £3.71 













Burglar Alarm 
Main Board 
Bell Driver 
Logic Probe 
Computer Movement Detector 














MAR ’86 


Clock Timer 

Fibre Optic Audio Link 
Transmitter 
Receiver 
Set of two boards 

Hardware Restart (double-sided) 
















APRIL ’86 
Temperature/Analogue Interface 
Sound Activated Switch 
Photographic Trigger Unit 

Transmitter 

Receiver 

Set of two boards 
IEEE1000 PSU 
Scratch and Rumble Filter 
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BOOK SERVICE 


We have had many letters from readers informing us of 
difficulties experienced when trying to locate varlous 
technical and scientific data books. Specialist and data 


- 


| PE PCB ORDER FORM 


Please supply the p.c.b.(s) listed on the enclosed form. 
Remittances should be sent to: PE PCB Service, 
Practical Electronics, Practical Electronics Magazines 
Ltd, 16 Garway Road, London, W2. Cheques should be 
| crossed and made payable to Practical Electronics 


Magazines. 


Printed circuit boards for certain PE constructional 
projects are now available from the PE PCB Service, 
see list. They are fully drilled and roller tinned. All 
prices include VAT and postage and packing. Add £1 


| per board for overseas airmail. 


'PE BAZAAR 


A free readers’ advertising service 


Please publish the following small ad. FREE in the 
next available issue. I am not a dealer in electronics or 
associated equipment. I have read the rules. I enclose 


a cut-out valid date corner. 


| SISMALUTE li aca ee Date 
Please read the RULES then write your advertisement 
here—one word to each box. Add your name, address 


and/or phone no. 


COUPON VALID FOR POSTING BEFORE 
7 APRIL, 1986 (One month later for overseas 


readers.) 


SEND TO: PE BAZAAR, PRACTICAL ELEC- 
TRONICS, 16 GARWAY ROAD, LONDON, W2. 


ASCII keyboard, numeric pad, ““Tan- 
gerine enclosure’, £19. Atom com- 
puter, £29. Microtan Tanex, £25. 3- 
octave keyboard, £15. Vincent Fojut, 
39 Arderne Road, Timperley, Al- 
tringham, WAI15 6HN. Tel. 061-961 
2710. 


Ribbon cable, very flat, 9 conductors, 
side by side. 35p/yard, post free. K. 
Bailey, 40 Seymour Close, Selly Park, 
Birmingham, B29 7JD. 


Hitachi cassette deck D3300M, logic 
and remote control three head 
A.T.R.S., £250. W. B. Glayzer, 27 
Albert Road, Southport, Merseyside, 
PR9 OLF. Tel. 0704 31153. 


Main parts to build Mr. Rayers solid 
state oscilloscope from book. All work- 
ing, would split. Offers. David Corder, 
Low Weasdale, Newbiggin-on-Lune, 
Kirkby Stephen, Cumbria, CA17 4LY. 
Tel. 05873 246. 
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books are of particular interest to electronic hobbyists, 
students, technicians and engineers. With these letters in 
mind, PE has started a book service (see page 56) making 


available a range of books at either retail recommended or 


Wanted ULA from Acorn Electron. 
Chris Lawler, 35 Ovenden Green, 
Ovenden, Halifax, HX3 5EN. 


Dragon 64, VGC + joysticks + some 
games software, £100. Mr. G. Stod- 
dart. Tel. Macclesfield 22371. 


Tangerine two or three pass assembler, 
M.C. relocator, Asimov and EPROM 
switching board wanted. Richard 
Rooney, Rolestown, Kilsallaghan, Co. 
Dublin, Ireland. 


Offers wanted, W.W. M.S.F. clock 
p.c.b., three double-sided, two single- 


sided, also most l.c.s., etc. E. G. 
Priestly, F.B.I.S., 6 Lynden Avenue, 
Windhill, Shipley, West Yorkshire, 
BD18 1HF. Tel. 0274 593382. 
Wanted Hobby Electronics, Feb. 1979 
or photocopy of Car Alarm project. 
Costs reimbursed. I. Defries, 20 El- 
sham Road, Leytonstone, London, 
Ell. 


Name & Address: 





reduced price. If there are any particular types of books 
which you have had trouble getting hold of, then drop us a 
line to PE Book Service at our editorial address. 


RULES Maximum of 16 words plus address and/or 
phone no. Private advertisers only (trade or business 
ads. can be placed in our classified columns). Items 


related to electronics only. No computer software. PE 
cannot accept responsibility for the accuracy of ads. or 
for any transaction arising between readers as a result of 
a free ad. We reserve the right to refuse advertisements. 
Each ad. must be accompanied by a cut-out valid “date 
corner’. Ads. will not appear (or be returned) if these 
rules are broken. 


Selling off all my components cheap. 
S.a.e. for prices, i.c.s., resistors, etc. 
D. Collins, 11 Stafford Close, Kilburn, 
NW6 5JW. 

Synthesiser, Maplin 3800: Custom 
cabinet, needs some attention, £100. 
Patrick O’Donhoe, 82 Kempshot 
Road, Streatham, London, SW16. Tel. 
01-679 3180. 

Wanted “The Scope In Use” by Ian 
Sinclair. Jack Anderson, 22 Landau 
House, Chatsworth Road, London, 
NW2 4B2. Tel. 01-451 3093. 

Mobelec car computer, new, £25. 
Wanted diagrams spares for VOX 
Continental II and 300 organs. Mr. P. 
D. Gibson, 14 Leigh Gardens, Wim- 
borne, Dorset. Tel. 0202 886727. 
Brand new components, 1000 assorted 
resistors, Capacitors, semis, etc., sent 
for £8.50, post free. K. Bailey, 40 
Seymour Close, Selly Park, Bir- 
mingham, B29 7JD. 
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BACK NUMBERS, BINDERS, COPIES AND SOFTWARE 


Copies of most of our recent issues are available from: Post Sales Department Practical 
Electronics, 16 Garway Rd., London W2, at £1.50 each including inland or overseas p&p. When 
ordering please state title, month and/or issue required. 

Binders for PE are available from the same address as back numbers at si 50 each to UK or 
overseas addresses, including postage, packing and VAT. 

Also photocopies of certain articles are available from the same address at £1.00 inc p&p. 
Software for certain projects is available for 75p per listing. 


SPEECH SYNTHESISER — RACTICAL 


& 8 BIT 1O PORT 


MODULAR MIXER 


Micvoriestronics Extucstion Programme 


| Software listings 


Back numbers er. 2 
| Binders £5.50 ia 
_ [Photo copies £1.00 ea 


| Complete this form and 
post it, with payment or 
credit card authorisation 
to: Practical Electronics 
Subscription Dept. 

| Practical Electronics 
Magazines Ltd., 


\/ 16 Garway Road, 
! London, W2. 








Ever been in the middle of a project only to 
find the next issue sold out? An annual 
subscription to PRACTICAL 
ELECTRONICS solves the problem. 


SUBSCRIFTION = PS 


| ELECTRONICS s32c50" 
ORDER FORM 


RATES 


| 
UK. | 
Overseas © | 
Annual Subscription Rates 
ee Fig83 
| Students: deduct £1 and quote 
| Student Number) 
| 
| 
| 
| 
| 


Overseas 


COMPLETE 
AND POST 
THIS 


Complete this form and 
post it, with payment or 
credit card authorisation 
to: Practical Electronics 


Subscription Dept. 
ORDER FORM — a 
agazines Ltd., 
TODAY! / 16 Garway Road, 
London, W2. 
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PRODUCT ORDER 
FORM 


| enclose my cheque/PO payable to Practical Electronics Magazines Ltd. for 


Charge my credit card A/C at quoted rate 
Please Note: these items cannot be ordered by phone 


Card Veli Wor 88 


Signature. 


VITAL COPY! 


Wherever you live you'll receive a 
copy regularly each month. It’s the 
quick, practical way to solve delivery 
problems. 


POST COPIES TO 


NAM 





ADDRESS 


FA A seen 


| enclose my cheque/PO payable to Practical Electronics Magazines Ltd. for 


Charge my credit card A/C at quoted rate 
Please Note: Subscriptions cannot be ordered by phone 


Card Valid from a te 


Signature 
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BOOK SERVICE 


DIGITAL {C EQUIVALENTS 
AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular user-orient- 
ated selection of European, American and Japanese digital ICs. 
Also includes details of packaging, families, functions, manufac- 
turer and country of origin. 

0 85934 115 1 256 pages 1985 £4.95 


BP140 


LINEAR IC EQUIVALENTS BP141 
AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular user-orent- 
ated selection of European, American and Japanese linear ICs. 
Also includes details of functions, manufacturer, and country of 


origin. 


0 85934 116 X 320 pages 1985 £4.95 
INTERNATIONAL DIODE BP 108 
EQUIVALENTS GUIDE 


A. Michaels 

Designed to help the user in finding possible substitutes for a 
large user-orientated selection of the many different types of 
semiconductor diodes that are available. Besides simple rectifier 
diodes, also included are zener diodes, LEDs, diacs, triacs, thy- 
ristors, OCIs, photo and display diodes. Also wherever possible, 
material type, function or type of diode, and country of origin are 
shown. 


0 85934 083 X 144 pages 1982 £2.25 
INTERNATIONAL TRANSISTOR BP85 
EQUIVALENTS GUIDE 

A. Michaels 


Helps the reader to find possible substitutes for a popular user- 
orientated selection of European, American and Japanese transis- 
tors. Also shows material type, polarity, manufacturer and use. 

0 85934 060 0 320 pages 1981 £2.95 


ELECTRONIC SCIENCE PROJECTS BP 104 


O. Bishop 

These projects range in complexity from a simple colour tem- 
perature meter to an infra-red laser. There are novelties such as 
the electronic clock regulated by a resonating spring, and the 
oscilloscope with solid-state display. There are scientific measur- 
ing instruments such as a pH meter and an electro-cardiometer. 
All projects have a strong scientific flavour. They way they work, 
and how to build and use them are fully explained. 

0 85934 079 1 144 pages 1982 £2.25 


PRACTICAL ELECTRONICS 

CALCULATIONS AND FORMULAE 

F. A. Wilson, C.G.1.A., C.Eng., F.I.E.E., F.LLE.R.E., F.B.1.M. 
Written not for the family bookshelf but for the electronics enthu- 
siast’s workshop bench. Its aim is to bridge the gap between 
complicated technical theory, and “cut-and-tried” methods which 
may bring success in design but leave the experimenter unful- 
filled. 


BP53 


0 900162 70 8 256 pages 1979 £2.95 
ESSENTIAL THEORY FOR THE 228 
ELECTRONICS HOBBYIST 


G. T. Rubaroe, T.Eng.(C.E.1.), Assoc.1.E.R.E. 

The object of this book is to supply the hobbyist with a back- 
ground knowledge tailored to meet his or her specific require- 
ments and the author has brought together the relevant material 
and presented it in a readable manner with minimum recourse to 
mathematics. 

Many formulae having a practical bearing are presented in this 
book and purpose-designed examples are employed to illustrate 
their applications. 

0 900162 69 4 128 pages 1977 £2.50 


HOW TO DESIGN ELECTRONIC PROJECTS BP127 
R. A. Penfold 

There is a lot of information available on various circuit building 
blocks in catalogues, books, magazines, etc., but there is little 
information that helps the amateur user to integrate building 
blocks into practical projects. The aim of this book is to help the 
reader to put together projects from standard circuit blocks with 
a minimum of trial and error, but without resorting to any ad- 
vanced mathematics. 


0 85934 102 X 128 pages 1983 £2.25 


PRACTICAL ELECTRONIC BP117 
BUILDING BLOCKS - BOOK 1 

PRACTICAL ELECTRONIC BP118 
BUILDING BLOCKS - BOOK 2 

R. A. Penfold 


BOOK 1 contains: Oscillators — sinewave, triangular, squgre- 
wave, sawtooth, and pulse waveform generators operating at 
audio frequencies, including simple voltage-controlled types, L-C 
and crystal RF oscillators. Timers — simple monostable circuits 
using ICs, the 555 and 7555 devices, etc. Also precision long 
timers using the ZN1034E. Miscellaneous — noise generators, 
rectifiers, comparators and triggers, etc. 

BOOK 2 contains: Amplifiers — low level discrete and op-amp 
circuits, voltage and buffer amplifiers including DC types. Also 


low-noise audio and voltage controlled amplifiers. Filters — high- , 


pass, low-pass, 6, 12, and 24 dB per octave types. Also voltage 
controlled filters. Miscellaneous — IC power amplifiers, mixers, 
voltage and current regulators, etc. 

Book 1: 0 85934 0929 128 pages 1983 £1.95 
Book 2: 0 85934 093 7 112 pages 1983 £1.95 


POPULAR ELECTRONIC CIRCUITS - BOOK 1 BP80 
R. A. Penfold 

Contains a wide range of circuits which are accompanied by a 
short text giving a bref introduction, circuit description and any 
special notes on construction and setting-up that may be neces- 


sary. 
0 85934 055 4 160 pages 1980 £1.95 


POPULAR ELECTRONIC CIRCUITS - BOOK 2 BP98 
R. A. Penfold 

Again, provides a wide range of designs for electronic enthusiasts 
who are capable of producing working projects from just a circuit 
diagram without the aid of detailed constructional information. 
However, where relevant, any special setting-up procedures are 
described. 

0 85934 073 2 


IC 555 PROJECTS BP44 
E. A. Parr, B.Sc., C.Eng., M.LE.E. 

Every so often a device appears that is so useful that one won- 
ders how life went on before without it. The 555 timer is such a 
device. Included in this book are basic and general circuits, 
motorcar and model railway circuits, alarms and noise-makers as 
well as a section on the 556, 558 and 559 timers. 


160 pages 1982 £2.25 


0 85934 047 3 176pages vrevisededition]982 £2.50 
POWER SUPPLY PROJECTS BP76 
R. A. Penfold 
Mains power supplies are an essential part of-many electronic 
projects. 


The purpose of this book is to give a number of power supply 
designs, including simple unstabilised types, fixed-voltage regu- 
lated types, and variable-voltage stabilised designs, the latter 
being primarily intended for use as bench supplies for the elec- 
tronics workshop. The designs provided are all low-voltage types 
for semiconductor circuits. 

0 900162 96 1 96 pages 1980 £2.50 


ELECTRONIC MUSIC PROJECTS BP74 
R. A. Penfold 
Provides the constructor with a number of practical circuits for 
the less complex items of electronic music equipment, including 
such things as fuzz box, waa-waa pedal, sustain unit, reverbera- 
tion and phaser units, tremelo generator, etc. 

The text is divided into four chapters as follows: Chapter 1, 
Guitar Effects Units; Chapter 2, General Effects Units; Chapter 
3, Sound Generator Projects; Chapter 4, Accessories. 


0 900162 94 5 112 pages 1980 £2.50 
MORE ADVANCED BP174 
ELECTRONIC MUSIC PROJECTS 

R. A. Penfold 


Intended to complement the first book (BP74) by carrying on 
where it left off and providing a range of slightly more advanced 
and complex projects. Included are popular effects units such as 
flanger, phaser, mini-chorus and ring-modulator units. Some 
useful percussion synthesisers are also described and together 
these provide a comprehensive range of effects including drum, 
cymbal and gong-type sounds. 

0 85934 148 8 128 pages 1986 £2.95 


A PRACTICAL INTRODUCTION TO BP 123 
MICROPROCESSORS 

R. A. Penfold 

Provides an introduction which includes a very simple micro- 
processor circuit which can actually be constructed so that the 


reader can experiment and gain practical experience. 


0 85934 098 8 96 pages 1984 £1.95 
MICRO INTERFACING CIRCUITS - Book 1 BP 130 
MICRO INTERFACING CIRCUITS - Book 2 BP131 


R. A. Penfold 
Both books include practical circuits together with details of the 
circuit operation and useful background information. Any special 
constructional points are covered but PCB layouts and other 
detailed constructional information are not included. 

BOOK 1 is mainly concerned with getting signals in and out of 
the computer. 

BOOK 2 deals primarily with circuits for practical applica- 
tions. 


Book 1: 0 85934 1054 112 pages 1984 £2.25 
Book 2: 0 85934 1062 112 pages 1984 £2.25 
AN INTRODUCTION TO BP 170 
COMPUTER PERIPHERALS 


J. W. Penfold 

Covers such items as monitors, printers, disc drives, cassette 
recorders, modems, etc., explaining what they are, how to use 
them and the various types and standards. Helps you to make 
sure that the peripherals you buy will work with your computer 
and with each other. 

O 85934 144 5 80 pages 1985 £2.50 


EASY ADD-ON PROJECTS FOR BP 124 
SPECTRUM, ZX81 & ACE 

O. Bishop 

Describes how to build a number of electronic projects which you 
can use with your Spectrum, ZX81 or Jupiter Ace microcompu- 
ter. The projects include a Pulse Detector, Picture Digitiser, 
Five-key Pad, Model Controller, Bleeper, Lamp Flasher, Light 
Pen, Magnetic Catch, Lap Sensor, Photo-flash, Games Control 
and six more projects that make up a Weather Station. All are 
fairly simple and inexpensive to construct. 

0 85934 099 6 192 pages 1983 £2.75 


EASY ADD-ON PROJECTS FOR THE BP171 
AMSTRAD CPC 464, 664, 6128 AND MSX COMPUTERS 
O. Bishop 

The projects of books BP124 and BP 134 adapted for use with the 
Amstrad CPC 464, 664, 6128 and the MSX range of machines. 
Again the Address Decoder is constructed as a separate item that 
can be used with any of the projects. 

0 85934 145 3 


EASY ADD-ON PROJECTS FOR 
COMMODORE 64, VIC-20, BBC MICRO 
AND ACORN ELECTRON 

O. Bishop 

Similar in style to BP124 except, of course, many of the projects 
have been modified, where necessary, to operate with the differ- 
ent machines. 
0 85934 109 7 


AZ-80 WORKSHOP MANUAL 
E. A. Parr, B.Sc., C.Eng., M.LE.E. 
This book is intended for people who wish to progress beyond 
the stage of BASIC programming to topics such as machine code 
and assembly language programming, or need hardware details of 
a Z-80 based computer. 


BP 134 


208 pages 1985 £2.95 
BP112 


0 85934 087 2 192 pages 1983 £2.75 
AN INTRODUCTION TO BP177 
COMPUTER COMMUNICATIONS 

R. A. Penfold 


Provides details of the various types of modem and their suitabil- 
ity for specific applications, plus details of connecting various 
computers to modems, and modems to the telephone system. 
Also information on common networking systems and RTTY. 

0 85934 151 8 96 pages 1986 £2.95 
PRACTICAL COMPUTER EXPERIMENTS BP78 
E. A. Parr, B.Sc., C.Eng., M.1.E.E. 

This book aims to fill in the background to the microprocessor by 
constructing typical computer circuits in discreet logic 


0 900162 98 8 96 pages 1980 £1.75 


'PE BOOK ORDER FORM 


Please supply the book(s) listed on the enclosed form. 
Remittances should be sent to: PE Book Service, 
Practical Electronics, Practical Electronics Magazines 
Ltd, 16 Garway Road, London, W2. Cheques should be 
crossed and made payable to Practical Electronics 


Magazines. 


The books offered by the PE Book Service are a 
selection chosen to offer variety and are not neces- 
sarily recommended or endorsed by PE editorial 


staff. 
Please allow 28 days for delivery 


a i ae 


Post and packaging S5Op (overseas £1) 


Name & Address: 





196 pages 1986 £2.95" ’ 
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Late News: 


This page features a collection of last minute news and press 
releases received immediately prior to the magazine going to press. 
Many of the items mentioned on this page will be discussed in greater 
detail next month. 


Multiprocessor systems are made easy with the Hitachi HD633168 smart 
RAM chip. This chip allows a 1K x 8 memory area to be shared between 
two microprocessors, each with their own bus access. The chip design 
incorporates enough inteligence to overcome any potential memory 
ees conflicts. | | 


New. super graphics display chips from Texas have just been launched. 
These chips include the TMS34818, TMS34861 and ITMS34878. The TMS34919— 
graphics system processor 15 a 32-bit device. The 1MS34861 a high 
resolution video systems controller, and the IMS34878 is a colour 
palette chip capable of generating up to 4896 colours per frame. This 
family of chips is capable of generating very high resolution colour 
PEBPNICS displays at great speed. 


A new family of very low cost (about £38) mini printers has been 
launched by Epson. These small dot matrix printers can print up to 42 
columns of text or 252 cots per line on 57.5mm plain paper. their 
small size, low power consumption and easy interfacing make them 
ideal for incorporation into portable equipment. 


Single chip microcomputers are becoming increasingly versatile and 
powerful. An example is the new ZIAI range from Hitachi. [nese 
devices offer up to 16K bytes of EPROM and 256 bytes of RAM plus a 
wide range of I/0 on a single chip. Probably the most powerfull of 
the range is the HD63785 with 8K EPROM 348 bytes RAM 68 I/0 lines, 95 
timers, asynchronous/synchronous serial communications port and. an 
- 8-channel 8-bit A/D converter. All EPROMS in this series are easly 
programmable. — 


An increased use of Programmable Logic Devices can be expected from 
the launch by Intel of a new family of Erasable Programmable Logic 
Devices. These chips use the same technology as EPROMs to allow the 
designer to rapidly construct custom logic circuits incorporating up 
to 1208 gates. This makes testing of such devices much easier and far 
less costly. The 5C#68,5C998 and 5C€121 offer some exciting 
—Opertunities to circuit designers wishing to use PLDs. | 


Toshiba have anounced the development of an eight colour, active > 
matrix, 649x488 pixels, 18 inch diagonal |].c.d It is backlit and has 
a brightness nearly equal to that of a colour TV. 


The development of Gallium-Arsenide integrated circuits is beginning 
to gather pace. These very high speed devices are capable of 
operating at frequencies of up to 1 Gigaherts. Two US companies 

GigaBit Logic and Vitesse have both announced production of 1888 gate 

devices and expect to have LSI devices (including microprocessors) in 

production by late 1987. 
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SUPER HY-LIGHT STROBE KIT 


Designed for Disco, theatrical uses, etc. 


Approx. 16 joules. Adjustable speed. Price £45 + £2 p&p (Total 
inc. VAT £54.05; Case and reflector price £17 + £2 p&p (total 
inc. VAT £21.95); Foolscap SAE for further details including Hy- 
Light and Industrial Strobe Kits. 


ULTRA VIOLET BLACK LIGHT 


FLUORESCENT TUBES 

4ft 40 watt £10.44 (£12.00 inc. VAT) 

2ft 20 watt £7.44 + £1.25 p&p (£9.99 inc. VAT) 
18in. 15 watt £5.00 + 75p p&p (£6.61 inc. VAT) 
13in. 10 watt £4.00 + 75p p&p (£5.46 inc. VAT) 
12in. 8 watt £3.60 + 50p p&p (£4.71 inc. VAT) 
Yin. 6 watt £3.00 + 50p p&p (£4.02 inc. VAT) 
Gin. 4 watt £3.00 + 50p p&p (£4.02 inc. VAT) 
230V AC Ballast Kit for either 6in, 9in or 12in tubes £5.50 p&p 55p 
(£6.96 inc. VAT). 

175 WATT SELF-BALLASTED BLACK LIGHT MERCURY BULBS. 
Available for either B.C. or E.S. fitting, price £11.80 + p&p £1.25 
(total inc. VAT £15). 

400W UV LAMP & BALLAST complete — £53.80 + p&p £3.50 
(£69.50 incl. VAT). 

400W UV LAMP only, £25.00 + p&p £2.50 (£31.63 incl. VAT). 


ROBOT ENTHUSIASTS 

1. ESCAP precision Swiss-made ironless rotor, 6V DC geared 
Motor with 70-1 gearbox. 6V DC — 16 r.p.m. 3V-8 r.p 

amazing power; no load current; only 10 ma. approx. Size: 4x 
2'2 cm. Ex-equipment, tested and guaranteed. ONLY £4.50 + 
50p p&p (total inc. VAT £5.75). 


SOLID STATE RELAY 

Sigle make will switch up to 250V A.C. 10 amps. Recommended 
operating voltage 8-28V D.C. but will work at less than 5V D.C. 
silent, contactless, opto isolated. Suitable for use with T.T.L. Logic 
for switching mains voltage. Mfr. by Teledyne. Offered at fraction of 
mfrs. price: £3.00 + 45p p&p (total inc. VAT £3.97) 


MICRO SWITCHES 

Type 1. Heavy duty 10A c/o contacts. Type 2. V3 c/o contacts. Type 
3. Sub-miniature c/o contacts. All button type. Price £6.90 inc. VAT 
for 10, any type. Post paid. N.M.S. 


VORTEX BLOWER & SUCTION UNIT 

Powerful multi-stage dynamically balanced totally enclosed rotors, 
112in. inlet and outlet. 110V AC. .00. Switchable transformer for 
240V AC £8.00 p&p £3.00 — total £37.95 inc. VAT. 

VBL4 CENTRIFUGAL BLOWE 

240V AC powerful 1/50 h.p. .23A motor. £18.00 + £2.00 p&p (Total 
inc. VAT £23.00). N.M.S. 

CENTRIFUGAL BLOWER 

Smith Type FFB 1706. 240V A.C. Aperture 45-40mm £6.50 p&p £1 
(inc. VAT £8.62). 


12/24V DC CENTRIFUGAL BLOWER 
0.4A producing 30 cu.ft. £7.50 + £1.00 p&p — 
total inc. VAT £9.78. N.M.S. 

METER 90mm dia. 0/300V A.C. MIC rect. £5.00 
p&p £1 inc. VAT £6.90. 

COOLING or EXTRACTOR FAN 

Quiet smooth running. Size 434x434x11/2. 
Supplied for 240V a.c. operation. Price £5.75 + 
£1 p&p (Total inc. VAT £7.75) N.M.S. 
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ELECTROVALUE LTD 28 St. Jude’s Road, Englefield Green, Egham, 





VARIABLE VOLTAGE TRANSFORMERS 


INPUT 230, 240V a.c. 50/60 OUTPUT 0-260V. 





200W, 1A Max £19.50 
0.5KVA 22h | Max. £22.00 ms 
1KVA 5A Max. £31.00 ° ee 
2KVA 10A Max. £45.00 i 
3KVA 15A Max. £59.00 
5KVA 25A Max. £105.00 

10KVA 50A Max. £190.00 ‘ 


15KVA 75A Max. 
All V.V.Ts plus carriage and VAT 


3-PHASE VARIABLE VOLTAGE TRANSFORMERS 
Dual input 200-240V or 380-415V. Star connected 
3KVA, 6KVA, 10KVA, available. Phone for details. 
Comprehensive range of TRANSFORMERS L.T. ISOLATION & AUTO 
(110-240V). Either cased with American socket and mains lead or 
open frame type available for immediate delivery. Leaflet on request. 


SPECIAL OFFER: Brand new Safety Isolation Transformers. 
Primary 0-104-110-120V. 0-104-110-120V. Secondary 0-104-110- 
120V. "%0-104-110-120V. 3KVA @ £60.00. 4kVA with 0-110V, 
Secondary only @ £80.00 + Carriage and VAT. ‘Phone for further 
details. 


12V D.C. BILGE PUMPS , 
400 G.P.H. 15ft. head, 3amp, £8.00 + £1.00 p&p 
(£10.35 inc. VAT). 

700 G.P.H. 10ft. head, 3.5amp, £11.50 + £1.50 
p&p (£14.95 inc. VAT). 

1750 G.P.H. 15ft. head, 9amp, £15.00. + £1.75 
p&p (£19.26 inc. VAT). 


EPROM ERASURE KIT 

Why waste money? Build your own EPROM ERASURE for a fraction of 
the price of a made-up unit. Complete kit of parts less case to 
include 12, 8 watt 2537 Angst. Tube. Ballast unit, pair of bi-pin 
leads, Neon indicator, safety microswitch, on/off switch and 
circuit. 

LESS CASE: Price £13.60 + 75p p&p (Total inc. VAT £16.50). 
Waming: Tube used in this circuit is highly dangerous to the eyes. 
Unit must be fitted in suitable case. 


A. C. CAPACITOR 

6 UF 900V. A.C. 50/60 Hz. Ideal 
aaxexaya | ins. Wt. 712 Kg. Price £12. 
£17.25). N.M.S. 


FROM STOCK AT PRICES 

THAT DEFY COMPETITION 
AC GEARED MOTORS C.F. BLOWERS 
DC MOTORS SMALL AC CAPACITORS 
MICROSWITCHES STROBE KITS 
RELAYS FLASHTUBES 
REED SWITCHES CONTACTORS 
SOLENOIDS A.C. or D.C. SYNCHRONOUS 
PROGRAMME TIMERS MOTORS 


WIDE RANGE OF XENON TUBES 
WRITE/PHONE IN YOUR ENQUIRIES 













ower factor correction etc. 
+ £3.00 p&p (Total inc. VAT 


ACCOUNT CUSTOMERS MIN. ORDER £10 









and ‘chips’. 















Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475 f NAME 
North Branch, 680 Burnage Lane, Manchester M19 1NA i 
Telephone 061 432 4945 po eee 
Please mention this publication when replying ho. 
tt 
BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS j 
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NEW POWER RHEOSTATS Ge 








@ Electronics — Microprocessors 
— Computer Technology is the 
career and hobby of the 
future. We can train you at 
home in a simple, practical 
and interesting way. 


@ Recognise and handle all 
current electronic components 


Superior Quality Precision Made 
5) 


Heavy duty brush assembly continuously rated. 
25 WATT 5/10/25/100/300/1kQ 1.50 £4.25 + 30p Si 

p&p (£5.23 inc. VAT). 

50 WATT 2500 £6.50 + 50p p&p (£8.05 inc. VAT). 

100 vat 7100/250/500/1kC11. 5kO/3.5kQ £10.25 + 75p p&p (£12.65 
inc. 

Black Silver Skirted Knob calibrated in Nos 1-9, 11/2in. dia. brass bush. 
Ideal py above Rheostats 30p ea. + VAT. 


INSULATED TESTERS NEW! 


Test to |.E.E. Spec. Rugged metal construction 
suitable for bench or field work constant speed 
clutch. Size L 8in., W 4in., H 6in. weight 6lb. 
500V. 300 megohms. £49 p&p £2 (£58.65 incl. 
VAT). 1000V 1000MQ £55 + p&p £2 (£65.55 incl. 


, © VAT) SAE for leaflet. 


GEARED MOTORS 

5 rpm 240V AC Mf. by Carter, £6.05 £1 p&p (£8.11 inc. VAT). N.M.S. 

20 rpm 115V AC Synchronous, torque approx. 80Ib/in. £20.00 + £4 p&p (Total inc. 
VAT £27.60). N.M.S. 

TRANSFORMER 240V operation, £9.15 + £2.00 p&p (Total inc. VAT £12.82). 

28 rpm Torque 20ib.in. reversible 1/80th h.p. 110V AC. Price: £9.50 + p&p £1.80 
(Total inc. VAT £12.99). 

Suitable TRANSFORMER for 230-240V AC operation. Price: £5.20 + p&p £1.40 
(Total inc. VAT £7.59). N.M.S. 

38.3 rpm GEARED MOTOR. Torque 35lb.in. reversible 115V AC inc. start capacity. 
Price: £11.55 + £2.00 p&p (Total inc. VAT £15.58). N.M.S. 

Suitable TRANSFORMER for 230V AC operation. Price: £5.20 + 50p p&p (£6.56 inc. 
VAT). 

100.7 rpm 65Ib in reversible 115 volt AC price £30.00 p&p £4.50 (Total inc. VAT 
£39.68). 

Suitable TRANSFORMER for above £10 p&p £1.50 (£13.22 inc. VAT). 


57 rpm 240V 1/22 h.p. continuously rated REVERSIBLE 50lb.in. 
manuf. by Wynstruments. New. Ideal for garage doors, curtains 


etc. ONLY £14.00 + £2.00 p&p (incl. VAT £18.40), inclusive 
capacitor. 





71 rpm Torque 10lb.in. reversible 1/70th h.p. 110V AC motor. Price: £9.50 + £1.80 
p&p (Total inc. VAT £12.99). 

Suitable TRANSFORMER for 230-240V AC operation. Price: £5.20 + p&p £1.40 
(Total inc. VAT £7.59). N.M.S. 

24V DC 200 rpm 10ib/in. Mf. by either Parvalux or Cater. Ex-equip. tested. £8.00 + 
£1.50 p&p (Total inc. VAT £10.93). 

230/240V AC SYNCHRONOUS, 2 rpm, 6 rpm, 6 rev per day. Any type. £4.80 + 50p 
p&p (Total inc. VAT £6.10). Other Revs. in stock. 


CHECK METER 
aan A.C. 50amp, fully reconditioned. £7.50 + £1.75 p&p (Total inc. VAT 
0.64). 


SANGAMO WESTON TIME SWITCH 
Type $251 200/250 A.C. 2 on/2 off every 24 hours, 20 amps contacts with override 
switch. Dimaeter 4” <3”. Price £9.50 + £1.50 p&p (£12.65 inc. VAT & p&p). Also 
available with solar dia R&T. Other types available from stock. 
N.M.S. New Manufacturers’ Surplus 
R&T Reconditioned and tested 
Goods normally despatched within 7 days. 


SERVICE FRADING COQ \enceir im sere 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB. Tel: 01-995 1560 


9 Little Newport Street 
London WC2H 7JJ 
Tel: 01-437 0576 


Master 


A (Fo to} gh Conta, 1 bled (oe) colet= ye) ¢ 
- Now! The Practical Wary! 








@ Carry out full programme of 
experimental work on electronic computer circuits 
including modern digital technology. 

@ Build an oscilloscope and master circuit diagram. 


@ Testing and servicing radio — T.V. — hi-fi and all types of 
electronic/computer/industrial equipment. 


New Job? New Career? New Hobby ? 


SEND THIS COUPON NOW. 





FREE! COLOUR BROCHURE 


i Please send your brochure without any obligation to 


OR TELEPHONE US 062 67 6114 
OR TELEX 22758 (24 HR SERVICE) 


| am interested in 
[J ELECTRONICS 
(___] MICROPROCESSORS 
C__] RADIO AMATEUR LICENCE 
CJ CITY & GUILDS EXAMS 


Other Subjects 





| British National Radio Electronics School PO.Bax'? Teignmouth, Devon.T9 4 OHS 
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SAE now 
for our FREE CATALOGUE 
or ring: 01-567 8910 for 


the LOWEST prices on — 


CMOS 


LINEAR 
TRIACS 
SCRs 
LEDs 
NICADS 


TRANSFORMERS 
TTL CONNECTORS 
REGULATORS 
MICROPROCESSORS 
SPEAKERS 
HEATSINKS 
MULTIMETERS 


BOOKS 
TOOLS 
BOXES 
PCBs 
CRYSTALS 
SWITCHES 
RELAYS 


AND LOTS LOTS MORE 


or choose from our range 
of over 30 kits . 


HOME LIGHTING KITS 


These kits contain all necessary com- 
ponents and full instructions & are de- 
signed to replace a standard wall switch 
and control up to 300W of lighting. 
TDR300K Remote spa 

£14. 


Dimmer 
MK6 Transmitter for 

above £4.5 
TD300K Touchdimmer £7.75 
TS300K Touchswitch £7.75 
TDE/K Extension kit for 2-wa 
switching for TD3OOK £2.5 


DVM/ULTRA SENSITIVE 
THERMOMETER KIT 


Based on the ICL 7126 and a a digit 
liquid crystal display, this kit will form 
the basis of a digital multimeter (only a 
few additional resistors and switches 
are required — details supplied), or a 
sensitive digital thermometer (—50°C to 
+150°C) reading O-1°. The kit has a 
sensitivity of 20O0mV for a full-scale 
reading automatic polarity and overload 
soa Typical battery life of 2 years 
(PP3). 


ELECTRONIC LOCK KIT 


With hundreds of uses in doors, gar- 
ages, car anti-theft devices, electronic 
equipment, etc. Only the correct easily 
changed four-digit code will open it! 
Requires a 5V to 15V DC supply. Output 
750mA. Fits into standard electrical wall 
box. ——— kit (excl. front Seg 
XK101 


Electronic lock mechanism for use with 
the above kit. 70150 £14.9 


ELECTRONICS 
13 BOSTON RD 
LONDON W7 3SJ 





DIR OOR RICA RINICE CEES 


DL1000K — This value-for-money 4-way 
chaser features bi-directional sequence 
and dimming. 1kW per channel.£15.95 
DLZ1000K — A lower cost uni-direc- 
tional version of the above. Zero 
switching to reduce interference. £8.95 
Optional opto input allowing audio 


- ‘beat’ flight response (DLA/ 1) 70p 
DL3000 


— 3-channel sound to light kit 
features zero voltage switching, auto- 
matic level control and built-in micro- 
phone. 1kW per channel. 


HOME CONTROL CENTRE 


This kit enables you to control up to 16 
different appliances by means of coded 
pulses in the mains wiring which may be 
decoded by special receivers anywhere 
in the house. The transmitter may be 
controlled manually or by the computer 
interface enabling your favourite micro 
to make your coffee in the morning, 
switch lights anywhere in the house, or 
your electric blanket in your bedroom. 
Just think of the possibilities — and no 
wiring! 
This kit comprises a transmitter with 
pre-drilled box and two receivers. 
£42.00 


Additional receivers 
XK111 £10.00 


MK4 PROPORTIONAL 
TEMPERATURE 
CONTROLLER 
Uses ‘‘burst-fire’’ technique to maintain 
temperature to within 0.5°C. Ideal for 
photography, incubators, wine-making, 


etc. Max load 3kW (240V AC). Bg fs 
range up to 90°C 


STAR BUY 


Z80A CPU 
MOC3020 £1.10 


SEND 9”x6” S.A.E. 
OR CALL AT SHOP 
MON-FRI 9—5pm 
SATURDAY 10—4pm 


ORDERING INFORMATION: 


ALL PRICES EXCLUDE VAT 


FREE P&P on orders over £20 (UK only), otherwise add 
75p + VAT. Overseas P&P: Europe £2.75. Elsewhere 
£6.50. Send cheque/PO/Barclaycard/Access No. 
with order. Giro No. 529314002. 


LOCAL AUTHORITY AND EXPORT ORDERS WELCOME 
GOODS BY RETURN SUBJECT TO AVAILABILITY 
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Universal Semiconductor Devices Ltd. 


17 GRANVILLE COURT, GRANVILLE ROAD, 
HORNSEY, LONDON N4 4EP, ENGLAND. 
TEL. 01-348 9420/9425 * TLX. 25157 usdco g 


WE OFFER ONE OF THE LARGEST RANGES OF SEMICONDUCTORS AT HIGHLY 
ECONOMICAL PRICES. THE FOLLOWING SEMICONDUCTOR TYPES ARE AVAILABLE 
FROM STOCK. IF WE DON'T STOCK WHAT YOU NEED THEN WE CAN GET IT FAST 
FROM OUR FACILITIES IN WEST GERMANY AND USA UPON REQUEST. 


TRANSISTORS - BIPOLARS - GERMANIUM AND SILICON 


SMALL SIGNAL 

By POWER 
DARLINGTONS — ALL SHAPES AND SIZES 
VHF/UHF DEVICES - ALL SHAPES AND SIZES 


DIODES — GERMANIUM AND SILICON aed 
RECTIFIERS AND BRIDGES 


OPTO-ELECTRONIC DEVICES 
LEDS OF ALL SHAPES AND SIZES 


THYRISTORS AND TRIACS - ALL 


SHAPES 
ey @ SIZES 


INTEGRATED CIRCUITS: 
CONSUMER - DIGITAL/ANALOGUE 
MICROPROCESSORS AND PERIPHERALS 
IC SOCKETS 


JAPANESE COMPONENTS - VAST RANGE OF DISCRETES AND CONSUMER IC's. 


MAIL ORDER CUSTOMERS: PLEASE SEND FOR OUR COMPREHENSIVE PRICE LIST, 
ENCLOSING 75 PENCE IN STAMPS, CHEQUE OR POSTAL ORDER. THIS SUM IS 
REFUNDABLE WITH A FIRST ORDER VALUE OF £5.00 OR MORE. 


CATALOGUE SENT FREE OF CHARGE, WHEN REQUESTED ON OFFICIAL LETTERHEAD 
(WITHOUT REFUND), TO OEM'S, SCHOOLS, COLLEGES, UNIVERSITIES, GOVERNMENT 
INSTITUTIONS, COMPUTER FIRMS, ELECTRONIC REPAIR FIRMS AND DISTRIBUTORS. 


SPECIAL DISCOUNTS AND PAYMENT TERMS ARE AVAILABLE TO ABOVE 
INSTITUTIONS. 









FETS - POWER MOSFETS 
UNIJUNCTIONS 






hk 
—>_ 








RATINGS 


















PLEASE ENQUIRE FOR QUANTITY DISCOUNTS. 
WE WELCOME TELEPHONE AND TELEX ENQUIRIES! 








SITUATIONS VACANT 


Inner London Education Authority 
PADDINGTON COLLEGE 
25 Paddington Green W2 1NB. Tel. No. 402 6221 


Computing Technician Grade 4 


To provide a technical support service at the College Computing site 
based at Beethoven Street W9. Will also be required to assist the 
Senior Computing Technician at any other site for College Computing as 
required. Duties include testing, diagnosing faults, and carrying out 
repairs on equipment as required. Preparing and copying discs. 
Maintaining levels of course materials including documentation of 
available software for use by staff and students, and maintaining a 
booking system for the mobile computing equipment. 


Applicants should possess relevant ONC, OND, Ordinary City & 
Guilds, 2 ‘A’ levels, BTEC/TEC Certificate or equivalent qualifications 
in appropriate subjects, and a minimum of seven years relevant 
experience (including training period). Applicants should be experienced 
in the use of micro-computers, including Networked Systems, have the 
ability to check operation of micro-computers and peripherals, and carry 
out repair procedures, and the ability to prepare and copy discs. 


Salary scale: £6429 to £7395 plus £1365 London Weighting. 


Application forms and further details are available from the college. 
Completed application forms should be returned to EO/Estab 3A Room 
336A County Hall London SE1 7PB by 27 March 1986. 


This post is subject to the ring-fence procedure. It is now being 
offered on an unrestricted basis. Applications are invited from anyone 
with the appropriate qualifications or experience, but priority will be 
given to employees of the GLC/ILEA or MCCs. 


ILEA IS AN EQUAL OPPORTUNITIES EMPLOYER 
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GENERAL INTEREST 








EMI MEANS 
TROUBLE 





The navigation sys- 


tem suddenly flips 
out of control. 
Searching franti- 
cally for a cause, 
the pilot pushes 
every button in 
sight, but to no 
avail. Then, almost 
as. quickly as it 
came, the interfer- 
ence disappears, 
leaving the crew to 
wonder what on 
earth happened. 





A. potentially disastrous scenario | 


such as this, could in theory be caused 


by nothing more than a passenger © 


innocently operating a portable com- 
puter. Hence, some airlines, notably 
American, now ban all in-flight com- 
puting by their customers. 

The culprit is electromagnetic inter- 
ference (EMI), which is produced 
whenever electricity flows. You can 
demonstrate this for yourself by press- 
ing the buttons on a pocket calculator 
held close to a radio tuned to long- 
wave. If you’re lucky you should hear 
short clicks precipitated by EMI gener- 
ated by the calculator. 

EMI from police radios has been 
blamed for breath-test machines dis- 
playing false readings. TV cameras 
covering one space shuttle mission 


apparently caused vital data transmis- 


sions to become garbled and, thus lost. 
Most railway tracks have miles of 
power cables running parallel to them. 
EMI produced by these has caused 
‘stop’ signals to be changed to ‘go.’ 
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BY SIMON BATTMAN 


Some experts believe the number of 
EMI generating machines—satellite 
ground stations, microwave relays, 
power lines, computers—and their in- 
creasing close proximity to each other 
is culminating in a 50-60 per cent 
annual growth of recorded 
interference. 

Computers are not solely respon- 
sible, but merely the latest addition to 
the EMI club. In fact computers can be 
jinxed by interference as well, leading 
to temporary malfunctions or even 


total loss of memory. Home computers 


have been shown to produce signals as 
powerful as amateur radio transmitters 
or CB sets. In America it was recently 
estimated that some one million 
homes may be troubled by squawking 
stereo’s and snowy TV pictures, cour- 
tesy of EMI. 


INDUSTRIAL 
PROBLEMS 


The large increase of computer con- 
trolled equipment in industry has pro- 
vided yet another opportunity for EMI 


to cause trouble. Industrial robots ap- 


pear to be particularly prone to inter- 
ference, not only from other apparatus, 
but also from fellow robots. 

If you own one of the latest high-tech 
cars, you may experience problems 


when you’re driving in areas populated 


by large numbers of EMI generating 


devices. The car’s computer receives 


data from sensors strategically located 
at points throughout the vehicle. If 
these signals are disrupted, it could 
lead to a reduction in engine efficiency 
and, therefore poor fuel economy. 


SHIELDING YOUR 
SECRETS 


Electromagnetic interference is a re- 
latively simple phenomenon to mea- 


- gure, but immensely difficult to cure. 


At present the only really effective 
method is for manufacturers or users 
to shield their equipment. This 1s 
expensive and impractical for most 


- situations. For instance, the price of 


home micros would rocket to a point 
beyond most people’s financial 
capacity. 


In the United States, the Federal 
Communications Commission (FCC) 
changed its rules at the end of 1983, 
calling for more machines to be 
shielded. This was marvellous news for 
an increasing number of companies 
who manufacture specialized shielding 
materials, but for many others, it be- 
came a financial nightmare. Coleco, 
makers of the Adam personal comput- 
er had to delay its introduction, and 
consequently lost a great deal of 
money. All thanks to a rather prema- 
ture decision by the FCC. 

For most purposes shielding isn’t 
really needed, particularly when set 
against the high cost to achieve such 
protection. However, for some organi- 
zations this view may be rather short 
sighted, if one considers another char- 
acteristic of EMI. 

Whenever data is displayed on a 
VDU or sent along cables to printers 
and other peripherals, the electromag- 
netic energy radiated will broadcast all 
this information to the outside world. 
Anyone with suitable equipment can 
read a standard unshielded VDU from 
up to five miles away. What’s more, a 
‘hacker of the airwaves’ doesn’t need to 
know the passwords and security codes 
to gain access. 

At one time it was believed, at least 
in British circles, that few outside 
governments knew how to accomplish 
such feats. This fallacy was blown a few 
months ago, when BBC’s Tomorrow’s 
World program demonstrated before 
viewing millions how easy it is to hack 
a computer this way. Admittedly their 
equipment gave a poor image, but 
nevertheless it was readable and it only 
cost £100. Given the plans, any compe- 
tent enthusiast would be able to con- 
struct such apparatus with compara- 
tive ease. 

Government departments have 
known about EMI hacking for a very 
long time, consequently all their com- 
puters are properly protected. On the 
other hand, sensitive businesses like 
banks, have been relatively slow to 
respond, leading some security consul- 
tants to declare they are just ripe for 
picking. It may be that they have 
already been picked. IPE] 
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When replying to _ Classified 

Advertisements please ensure: 

(A) That you have clearly stated 
your requirements. 

(B) That you have enclosed the right 
remittance. 

(C) That your name and address is 
written in block capitals, and 

(D) That your letter is correctly 
addressed to the advertiser. 

This will assist advertisers in 

processing and despatching orders 

with the minimum of delay. 


SERVICE SHEETS 


BELLS TELEVISION SERVICES for service sheets of Radio, TV, 
etc £1.50 plus SAE. Colour TV Service Manuals on request. 
SAE with enquiries to B.T.S., 190 Kings Road, Harrogate, 
N. Yorkshire. Tel. (0423) 55885. 


RECEIVERS AND COMPONENTS 


TURN YOUR SURPLUS capacitors, transistors, etc into cash. 
Contact COLES HARDING & CO., 103 South Brink, 
Wisbech, Cambs. Tel. 0945 584188. Immediate settlement. 


CASES 19” rack and free standing. From £12.00. NEW- 
RAD, Wick Industrial Estate, New Milton, Hants. Tel. 
621195. 


FREE £15 worth Electronics. Send £5 plus £1.50 p&p for 
£20 pack. M. DRIVER, 6 Fallowfield, Haverhill, Suffolk. 


COMPONENTS semiconductors, i.c.s, resistors, eproms 
27128 - from £3.00. Centronic cables to make, RS232 
cables. Send SAE to D. ENTERPRISE, 30 Arkley Court, 
Holyport, Maidenhead. 











SMALL ADS 


The prepaid rate for classified advertisements is 38 pence 
per word (minimum 12 words), box number 60p extra. 


Semi-display setting £12.60 per single column centimetre 
(minimum 2.5 cms). All cheques, postal orders etc., to be 
made payable to Practical Electronics and crossed 
‘‘Lloyds Bank Ltd’. Treasury notes should always be sent 
registered post. Advertisements, together with remittance 
should be sent to Practical Electronics, 16 Galway Road, 


London W2. Tel. 01-727 7010. 


Carbon Film Resistors Y4W E24 series 0.51R to 10MO - 1p 


100 off per value - 75p 1000 off in even hundreds per value - £7 
Metal Film “AW 10RO to 1MO 5% E12 series—2p 1% E24 series -3p 
BC107/8/9 — 12p BC547/8/9 - 7p BC557/8/9/ - 7p BC182L, 184L - 10p 
BFY50/51/52 - 20p 2N3055 - 50p TIP31A,32A-25p TIP42 - 40p 


Tantalum bead subminiature electrolytics (Mfds/Volts) 
0.1/35, 0.22/35, 0.47/35, 1.0/35, 3.3/16, 4.7/16 - 14p 
2.2/35, 4.7/25, 10/6 - 15p  —4.7/35, 6.8/16 - 16p 


Aluminium Electrolytics (Mfds/Volts) 

1/50, 2.2/50, 4.7/25, 4.7/50, 10/16, 10/25, 10/50- 5p 22/16, 22/25 - 6p 
22/50, 47/16, 47/25, 47/50 - 6p 100/16, 100/25- 7p 100/50 - 12p 
100/100 - 14p 220/16 - 18p 220/25, 220/50 - 10p 470/16, 470/25 - 11p 
1000/25 - 25p 1000/35, 1000/40, 2200/25 - 35p 4700/25 - 70p 
Miniature Polyester Capacitors 250V Wkg. Vertical Mounting 

01, .015, 022, .033, .047, .068 - 4p 0.1-5p 0.15, .22-6p 0.47 - 8p 
Mylar Capacitors 100V Wkg. Vertical Mounting E12 Series 

1000p to 8200p - 3p 01 to 068-4p 0.1-5p 0.15, 0.22 - 6p 
Subminiature Ceramic Plate 100V Wkg. E12 Series Vertical Mounting 
2% 1P8 to 47P - 3p 56P to 330P - 4p 10% 390P to 470P — 4p 
Polystyrene Capacitors 63V Wkg. E12 Series Axial Mounting 

10P to 820P - 3p 1000P to 10,000P - 4p 12,000P — 5p 
1N4148 — 2p 1N4002 - 4p 1N4006 - 6p 1N5404 - 14p WO1 bridge - 


4.7/35 - 15p 
10/16, 22/6 - 20p 


25p 0A91 - 6p 
Zener diodes E24 series 3V3 to 33V 400mW - 8p 1 watt - 12p 
L.E.D’s Red, Green & Yellow 3mm & 5mm - 10p 8mm - 35p 


20mm fuse 0.1A to 5A quick blow - 5p 5P Anti Surge - 8p 
High Speed drills 0.8mm, 1.0mm, 1.3mm, 1.5mm, 2mm-25p Machines 
12V - £6 

Nicads AA - 80p HP11-£2 PP3- £4.20 Universal Chargers - £6 
Glass reed switches single pole make contacts - 8p Magnets — 12p 


VAT inclusive. Return postage 10p (free over £5). Lists free. 
THE C.R. SUPPLY CO., 


127 Chesterfield Road, 
Sheffield S8 ORN. Tel. 557771. 





HOME SECURITY 


D.I.Y. ALARMS 


DOOR ENTRY PHONE 
CC TV BS 4737 APPROVED 
Showroom demonstration. 
Same day despatch. 
FREE CATALOGUE 


01-965 1230 


SMITHS SECURITY SYSTEMS 
43 Park Parade, London N.W.10. 


ORDER FORM PLEASE write IN BLOCK CAPITALS 
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NOTICE TO 
READERS 


Whilst prices of goods shown 

in classified advertisements are 
correct at the time of closing 

for press, readers are advised to 
check with the advertiser to 
check both prices and 
availability of goods before 
ordering from non-current 

issues of the magazine. 





CENTURION 
ALARMS 


Manufacturers of < 
Professional Alarm 
Equipment, for DIY 
& the TRADE. Send 
now for our New 16- 
page Brochure, Full 
of Information & the 
Lowest prices. 


VISA Access . 
wt PSY osrunio 























' N Dept PE 
Tel: (0484) 93 Wakefield Road, 
21000 Huddersfield. 
HD5 9AB 
or 35527 24 hr. Ww. Yorks. 





®) “CENTURION” is a Registered Trademark of Centurion Alarms 





PRACTICAL ELECTRONICS 


16 Galway Road, 

London W2. 

Tel. 01-727 7010 

Rate: 

38p per word, minimum 12 words. Box No. 60p extra. 
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III PP PAE EI 


COURSES BURGLAR ALARM EQUIPMENT. Ring Bradford (0274) 308920 
for our catalogue or call at our large showroom, opposite 
Odsal Stadium. 





* BAKER * 


GROUP P.A. DISCO 
PUFIERS post £2 


150 watt Amplifier + 4 input Mixer pre-amp. Illustrated.............. £99 
150 watt Output, Slave 500 mv. Input 4+8+16 ohm. Outputs .. £80 
150+ 150 watt Stereo, 300 watt Mono Slave 500 mv. Inputs £125 
150 watt P.A. Vocal, 8 inputs. High/Low Mixer Echo Socket £129 
100 watt Valve Model, 4 inputs, 5 Outputs. Heavy duty ............ £125 
60 watt Mobile 240v AC and 12v DC. 4-8-16 ohm+100v line £89 
MIKES Dual Imp £20, Floor Stand £13, Boom Stand £22, PP £2. 
Reverb Unit for Microphone or Musical Instruments £35 PP £1. 
Electronic Echo Machine for mic/etc. £85. Deluxe £95 PP £1. 
i 2000 mono, 500w stereo quality amplifiers, model 
$500D, reconditioned, guaranteed £275 PP £5. 


DISCO CONSOLE Twin Decks, mixer pre amp £145. Carr £10. 
Ditto Powered 120 watt £199; or Complete Disco 120 watts £300. 
150 watt £300; 360 watt £410. Carr £30. 


DISCO MIXER. 240V, 4 stereo channels, 2 magnetic, 2 ceramic/ 
tape, 1 mono mic channel, twin v.u. meters, headphone monitor 
outlet, slider controls, panel or desk mounting, matt black facia. 





FULL-TIME 
AUC 
COURSES 


2 YEAR 
B-TEC National Diploma (OND) 
ELECTRONICS & 


CUSTOMISED FRONT PANELS 


Front panels etched to your own design in plastic or aluminium. Wide 
range of colours. Price 8p/sq.inch. (anodised aluminium 12p). P&P 
25p. UK Overseas 75p. We can layout artwork at a fixed charge of £3 
for panels up to 10” x 12”. Above by quotation. 


ELECTRONIC ALARM SERVICES, 


143 Farnham Road, Handsworth, Birmingham B21 8EF. 
Tel: 021-523 3629 



























Tape output facility. £59. Post £1. 
COMMUNICATIONS ENGINEERING FOR SALE Onctnie Sania tanccn Minxdimheshouasblicos shee pion LED. 
(Television & Computing) bong gh 5 a on ir a left/right fader, switchable 
inputs tor fe] ne, m ls 
15 MONTHS Headphone Monitor, Mike Talkover Switch £129 pp ez 
B-TEC i ational Ce ific (ONC) PROMS wis EPROMS ia PALs Read hoe byl Big — 4 line/aux inputs, 2 mic inputs, 2 
EPROMS from £3.25 (2716/2732/2764 etc) i er ee eS 
ELECTRONIC EQUIPMENT SERVICING PROMS from £1.50 (TBP/82S/63 series etc) R.C.S. DISCO LIGHTING EQUIPMENT 
(Television & Video) PALs from £4.25 (12H6/16C1/16L8 etc) octal ey peaonaiay 4 yey 4,000 WATT Fr chaser + 
Full Programming Service available ween * eee ee 6 programs, £89 PP £2. 
15 MONTHS for full price list (incl. RAMs etc) PARTY LIGHT 4 coloured Flood Lamps Flashing to Music. 
SAE tor hull p ( ; Self-contained Sound to Light 410 x 196 x 115 95 PPE2 
B-TEC National Certificate (ONC) ous Anji guPbliod if it exists we will find it op commana eed Se Lee Sie, < Yon. Lene eae SP C2. 
, , 16 Wordsworth Drive, Cheam, Surrey . FAMOUS LOUDSPEAKERS - SPECIAL PRICES 
COMPUTING TECHNOLOGY Phone 01-644 8095 (usually manned 0800-2000 hrs SIZE POWER OHMS — (PHYSICAL SIZE IS NOMINAL MAX FRAME DIMENSION) 
Private and professional enquiries welcome. AB ag lal oo oo R. 
9 5.in 20 40r8 Goodmans Ford Car Radio £6 f1 
B-TEC Higher National Certificate (HNC) asi Save i 
COMPUTING TECHNOLOGY AORMBUTERS eS in ce ce EL oe 
in or ooter Y 
OTl 62 in 35 8 Aud ine C £1750 £ 
HIGH ence TT nt BASED an 8 8 Sodnars Twn Coe ulfange 0 8 
win ne, mi Fi, ‘ 
PRACTICAL WORK PAL EPLD FPLA IFL PROGRAMMING SERVICE. Anything from 8in 30 8 Wharfedale Roll Surround Woofer = ae £1 
circuit diagram through logic equasion to fuse plots accepted to ; in ae 17 RE Ming. ea lg 
SHORT COURSES WITH PREVIOUS produce programmed devices. Send for details. Tel. 0438 Bin 40 8or16 SEAS Rubber Surround Woofer = £16.00 £2 
KNOWLEDGE 727364 for sample pricing. KOSTADIN LIMITED, 57 Hard- on Goodmans PA&IMTA Systems fe 
NO EXTRA CHARGES FOR OVERSEAS wick Road, Tilehurst, Reading, Berks, RG3 4LF. ae Ba sey gg scale “ ” A 
STUDENTS 10in 50 8or16 SEAS —_ Bass Woofer Hi Fi £1950 £2 
Prospectus from: 0 in 2 fe 16 Caleston aes aa FS 
. 10in 50 B Disco-Guitar- £20 £2 
SITUATIONS VACANT St a tse Gee ee m 8 
LONDON ELECTRONICS : in os : oo Lab ae ig Full Range a = 
MECHANICALLY MINDED PERSON REQUIRED to repair, 12in 90 Sor8or16Baker Twin Cone Ful Range = «£18. 2 
CO wae iF assemble underwater equipment. Training provided. Elec- : in HE St leat = Mg cnt -ane tga eo 
tronic knowledge helpful. Part time possible. Tel. Peter 12in 75 4or8or16Baker  Disco-Guitar-PA m2 £2 
Rowlands 01-381 6108. 12 120 a 16 irom Disco Guitar-PA 58 F 
Dept: AA, 20 Penywern Road, 12in 100 8 H+H PA 9 8 2 
London SW5 9SU. Tel: 01-373 8721 Zn 19 8 Colevion  Disco-Bese Gute a 6 
: ; : 12in 200 8 H+H PA-Disco fo 3 
12in 300 8 WEM Woofer £44 £3 
13x8 10 3 EMI (450) Hi Fi with Tweeter =e 
Sin 100 8 Celestion Disco + Grou £69 £3 
15in 100 8or 16 Baker Disco-Guitar-PA £39 £3 
15in 100 4o0r8o0r16H+H Disco + Group £49.50 £3 
IN DEX TO : in od : coscuaes pee + oe 7 ~ 
MISCELLANEOUS ADVERTISERS 18in 200 80r16 Celestion Disco + Group e104 


P.A. CABINETS (empty) Single 12 £34; Double 12 £40. carr £10. 
WITH SPEAKERS 45W £52; 75W £56; S90W £75; 150W £84. 

200 Watt £100, 400 Watt £150. carr £12. 

300 WATT MID-N-TOP SYSTEM Complete £125 carr £12. 
TWEETER HORNBOXES 200 Watt £32, 300 Watt £38. PP £2. 


WATERPROOF HORN SPEAKERS 8 ohms. 25 watt £20. 30 watt 
£23. 40 watt £29. 20W plus 100 volt line £38. Post £2. 





CLEARING LABORATORY, scopes, generators, P.S.U.’s, bridges, 
analysers, meters, recorders etc. Tel. 0403-76236. 































THE SCIENTIFIC WIRE COMPANY MOTOROLA PIEZO ELECTRONIC HORN TWEETER, 35in. square £6 
811 Forest Road, London E17. Telephone 01-531 1568 100 watts. No crossover required. 4-8-16 ohm, 7A8x3\Ain. £10 
we ee og 2 METAL GRILLES 8in £3, 10in £3.50, 12in £4.50, 15in £5.50, 18in £7.50. 
SWG 1 oz oz oz Be en ninhliainindnenion> 
8 to 34 3.63 2.09 1.10 0.88 GD ALED: cavavsseiressssjavionntl 58 FULL STOCK OF COMPONENTS, PLUGS, LEADS, ETC. 
tea 300 520 36 181 Cirkit Holdi 350-0-250V BOA BBV 5A, 63V 1A "E00 £2 
Pr o o a Ae ee 275 Irkit Holdings : 350-0-350V 250mA. 6.3V GA CT £12.00 Shrouded £14.00 £2 
48 1596 «9 58 638 369 Cricklewood Electronics 220V 25mA. 6V 1 Amp £3.00 220V 45mA. 6V 2 Amp £4.00 £1 
2 ‘ . : 250V 60mA. 6.3V 2A. £5.00 £1 
SILVER PLATED COPPER WIRE ; Crodar Lid : Low voltage tapped outputs available 
402 acorn Crofton Electronics. dito? amp £10.50 Bagel oe Sipe ae e160 
- t . 
14 to 30 3.97 2.41 1.39 0.94 Cybernetic Application LOW VOLTAGE MAINS TRANSFORMERS £5.50 each post paid 
Fluxcore QV, 3A; 12V, 3A; 16V, 2A; 20V, 1A; 30V, 112A; 30V, 5A+ 17-0-17V, 
Solder 5.90 3.25 1.82 0.94 Electrovalue 2A; 35V, 2A; 20-40-60V, 1A; 12-0-12V, 2A; 20-0-20V, 1A; 27V, 2A. 
Prices include P&P VAT. Orders under £2 add 20p. 








£8.50 post 50p MINI-MULTI TESTER 
Pocket size instrument. AC/DC volts, 15-150-500-1000. 
DCcurrent 0-150mA. Resistance 0-100K 1000 o.p.v. 


SAE for list of copper and resistance wire. 
Dealer enquiries welcome. 


BAR ignescoctenssirivasccc chal 
























Grandata De-Luxe Range Doubler Meter, 50,000 o.p.v. 7 x 5 x 

2in. Resistance 0/20 ae, in 5 ranges. Current 50mA to 

SUPERB INSTRUMENT CASES by Bazelli, manufactured from Greenweld 10A. Volts 0.25/1000v DC, 10v/1000v AC. £25.00 PP £1 
PVC. Faced steel. Vast range, competitive prices start at a PANEL METERS 50mA, 100mA, 500mA, 1mA, 5mA, 100mA, 500mA, 


1 amp, 2 amp, 5 amp, 25 volt, VU 214x2x1 Yin. £5.50 post 50p 


PROJECT CASES. Black Vinyl Covered Steel Top, Ali Base 

4x 212 x 2\Min. £2.50; 6 x 4 x 12in. £3.60; 8 x 5 x 2in. £4.00; 11 x 

6 X 3in. £5.50; 1134 x 6 x 5in. £9.00; 15 x 8 x 4in. £12.00. 
ALUMINIUM PANELS 18 s.w.g. 12 < 12in. £1.80; 14 x Qin. £1.75; 
6 x 4in. 55p; 12 x 8in. £1.30; 10 x 7in. 96p; 8 x Gin. 9p; 14 x 3in. 
72p; 12 x 5in. 90p; 16 x 10in. £2.10; 16 x Gin. £1.30. TP 65p ea. 

ALUMINIUM BOXES. MANY OTHER SIZES IN STOCK. 

4x 212 x 2in. £1.20; 3 x 2 x 1in. £1; 6 x 4 x 2in. £1.90; 8 x 6 x 3 
in. £3; 12 x 5 x 3in. £3.60; 6 x 4 x 3in. £2.20; 10 x 7 x 3in. £3.60 
HIGH VOLTAGE ELECTROLYTICS 32+32/500V .............. £2 
16/450V .......... 50p 220/400V .......... £2 32+32/350V ............ 7 

0/500V .......... 75p 8+8/450V ...75p 16+32+32/500V ...... 
32/350V .......... 45p 20+20/350V ..75p OTHERS IN STOCK 


RECORD PLAYER DECKS. P&P £2. 

Make Drive Model Cartridge Price 
BSR Single Belt 12 volt Ceramic £22 
BSR Single Rim 240v Ceramic £22 
BSR Single Belt 240v Magnetic £30 
AUTOCHANGER BSR 240v Ceramic £22 
AUTOCHANGER GARRARD Ceramic £24 


DECCA TEAK VENEERED PLINTH space for small amplifier. 
Board cut for Garrard 189/4in. x 14'4in. x 4in. £5. Post £2 
RADIO COMPONENT SPECIALISTS 
Dept 4, 337, WHITEHORSE ROAD, CROYDON 
SURREY, U.K. Tel: 01-684 1665 


Post 65p Minimum. Callers Welcome. 
Full Lists 34p Stamps Same day despatch Closed Wednesday 


Published on Ist Friday of each month by Practical Electronics Magazines, 16 Garway Road, London W2. Printed in rp og by McCorquodale Magazines Ltd., Andover, Hants. 
PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first having been given, be lent, resold, hired 
out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a 
mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


low £1.50. Punching facilities at very competitive prices. 
BAZELLI, (Dept. 23), St. Wilfreds, Foundry Lane, Halton, 
Lancaster LA2 6LT. 


CABINET FITTINGS 


Fretcloths, Coverings, Handles, Castors, 
Flight Case Locks & Parts, Jacks, XLRs, 
Bulgins, Reverb Trays, P & N mic Stands, 
ASS Glassfibre Horns, 

CELESTION POWER 

Speakers. 


Jaytee Electronics 


Magenta Electronics Cover Il 
Maplin Electronics Cover IV 


Phonosonics 


Radio Component 
Specialists 
Riscomp Ltd 





Service Trading 


Send 









30p cheque/ T.K. Electronics 
P.O. for illustrated 

catalogue: Adam Hall (PE Supplies), 
UT Ti Com Or-Tal tela Oxelll a mm eic-llale (lata ler-[om 


Tole dal-vale bre] abte lr: 


Universal Semi Conductors 
Devices 
















OVP POWER AMPLIFIER 
(OMP POWER AMPLIFIER MODULES now encyz 


world-wide reputation for quality, reliability and performance ata realistic price. Four models 
available to suit the needs of the professional and hobby market. i.e., Industry, Leisure, 
Instrumental and Hi-Fi. etc. When comparing prices, NOTE all models include Toroidal 
power supply, Integral heat sink, Glass fibre P.C.B., and Drive circuits to power compatible 
Vu meter. Open and short circuit proof. Supplied ready built and tested. 


OMP100 Mk II Bi-Polar Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 15Hz - 30KHz —3dB, T.H.D. 0.01%, 
S.N.R. —118dB, Sens. for Max. output 
500mV at10K, Size 355 Kk 115 K 65mm. 
PRICE £33.99 + £3.00 P&P. 


SG IE EIS OE, 
OMP/MF100 Mos-Fet Output power 110 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
80, Slew Rate 45V/uS, T.H.D. Typical 
0.002%, Input Sensitivity 500mV, S.N.R. 
—125dB. Size 300 X 123 X 60mm. PRICE 
PRICE £39.99 + £3.00 P&P. 


2S EE TEED 
OMP/MF200 Mos-Fet Output power 200 
watts RMS. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
250, Slew Rate 50V/uS, T.H.D. Typical 
0.001%, Input Sensitivity 500mV, S.N.R. 
—130dB. Size 300 X 150 X 100mm. PRICE 
PRICE £62.99 + £3.50 P&P. 


SSE TAL DIL LAE ETE ETRE OEE LT EER 
OMP/MF300 Mos-Fet Output power 300 
watts R.M.S. into 4 ohms, Frequency Res- 
ponse 1Hz - 100KHz —3dB, Damping Factor 
350, Slew Rate 60V/uS, T.H.D. Typical 
0.0008%, Input Sensitivity 500mV, S.N.R. 
—130dB, Size 330 X 147 K 102mm. PRICE 
PRICE £79.99 + £4.50 P&P. 
















SI EEE EEE SE NTS 
NOTE: Mos-Fets are supplied as standard (100KHz bandwidth & Input Sensitivity 500mvV). If required, 
P.A. version (SOKHz bandwidth & Input Sensitivity 775mV). Order — Standard or P.A. 





Vu METER Compatible with our four amplifiers detailed above. A 
very accurate visual display employing 11 L.F.D. diodes (7 green, 4 
red) plus an additional on/off indicator. Sophisticated logic control 
circuits for very fast rise and decay times. Tough moulded plastic 
case, with tinted acrylic front. Size 84 x 27 k 45mm. 

PRICE £8.50 + 50p P&P. 













{ LOUDSPEAKERS 5” to 15” up to 400 WATTS R.M.S. 
Cabinet Fixing in stock. Huge selection of McKenzie 
Loudspeakers available including Cabinet Plans. Large 

.§.A.E. (28p) for free details. 


POWER RANGE 

8" 50 WATT R.M:S. Hi-Fi/ Disco. 

20 oz. magnet. 11,” ally voice coil. Ground ally fixing escutcheon. Res. Freq. 40OHz. Freq. Resp. to 
6KHz. Sens. 92dB. PRICE£10 99Available with black grille £11.99 P&P £1.50 ea. 

12” 100 WATT R.M.S. Hi-Fi/Disco 

50 oz. magnet. 2” ally voice coil. Ground ally fixing escutcheon. Die-cast chassis. White cone. Res. 
Freq. 

25Hz. Freq. Resp. to 4KHz. Sens. 95dB. PRICE £28.60 + £3.00 P&P ea. 


McKENZIE 

12” 85 WATT R.M.S. C1285GP Lead guitar/keyboard/ Disco. 

2” ally voice coil. Ally centre dome. Res. Freq. 45Hz. Freq. Resp. to6.5KHz. Sens. 98dB. PRICE £28 76 

+ £3.00 P&P ea. 

12” 85 WATT R.M.S. C1285TC P.A./Disco 2” ally voice coil. Twin cone. 

Res. Freq. 45Hz. Freq. Resp. to 14KHz. PRICE £29.80 + £3.00 P&P ea. 

15” 150 WATT R.M.S. C15 Bass Guitar/Disco. 

3” ally voice coil. Die-cast chassis. Res. Freq. 40Hz. Freq. Resp. to4KHz. PRICE£54.99 + £4.00 P&P ea. 

10” 60 WATT R.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/ Mid. P.A. 

2” voice coil. Res. Freq. 75Hz. Freq. Resp. to 7.5KHz. Sens. 99dB. PRICE £19.15 + £2. 0OP&P. 

10” 200 WATT R.M.S. C10200GP Guitar, Keyboard, Disco. 

2" voice coil. Res. Freq. 45Hz. Freq. Resp. to 7KHz. Sens. 101dB. PRICE £51.00 + £3. OOP&P. 

15” 200 WATT R.M.S. C15200 High Power Bass. 

Res. Freq. 40Hz. Freq. Resp. to 5KHz. Sens 101dB. PRICE £59.45 + £4.00 P&P. 

15” 400 WATT R.M.S. C15400 High Power Bass. 

Res. Freq. 40Hz. Freq. Resp. to 4KHz. Sens. 102dB. PRICE £85.00 + £4.00 P&P. 
SS a EE TE SLOT I OTT TE ITE RT SE IP TIT 

WEM 

5" 70 WATT R.M.S. Multiple Array Disco etc. 

1” voice coil. Res. Freq. 52Hz. Freq. Resp. to 5KHz. Sens. 89dB. PRICE £19.99 + £1.50 P&P ea. 

8” 150 WATT R.M.S. Multiple Array Disco etc. 

1” voice coil. Res. Freq. 48Hz. Freq. Resp. to 5KHz. Sens. 92dB. PRICE £29.49 + £1.50 P&P ea. 

10” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 

1%)" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 92dB. PRICE £33.49 + £2.00 P&P ea. 

12” 300 WATT R.M.S. Disco/Sound re-enforcement etc. 

1'4" voice coil. Res. Freq. 35Hz. Freq. Resp. to 4KHz. Sens. 94dB. PRICE £41.49 + £3.00 P&P ea. 
SS a EL a I TS TI A RTT TOTES 


SOUNDLAB (Full Range Twin Cone) 

5” 60 WATT R.M.S. Hi-Fi/ Multiple Array Disco etc. 

1” voice coil. Res. Freq. 63Hz. Freq. Resp. to 20KHz. Sens. 86dB. PRICE £9.99 + £1.00 P&P ea 
6," 60 WATT R.MS. Hi-Fi/Multiple Array Disco etc. 

1” voice coil. Res. Freq. 56Hz. Freq. Resp. to 20KHz. Sens. 89dB. PRICE £10.99+ £1.50 P&P ea. 
8” 60 WATT R.M.S. Hi-Fi/Multiple Array Disco etc. 

1%" voice coil. Res. Freq. 38Hz. Freq. Resp. to 2OKHz. Sens. 89dB. PRICE £12.99 + £1.50 P&P ea. 
10” 60 WATT R.M.S. Hi-Fi/Disco etc. 


11," voice coil. Res. Freq. 35Hz. Freq. Resp. to 15KHz. Sens. 89dB. PRICE £16.49 + £2 OO P&P 


HOBBY KITS. Proven designs including glass < 

fibre printed circuit board and high quality < 

‘components complete with instructions. Y\ 
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive 
microphone. Range 100/300 metres. 57 x 46 x 14mm (9 voit) 
Price: £8.62 + 75p P&P. 
3 WATT FM TRANSMITTER 3 WATT 85/115MHz varicap controtied 
professional performance. ore up to 3 miles 35 x 84 x 12mm 
(12 volt) Price: £14.49+ 75p P&P. 
SINGLE CHANNEL RADIO CONTROLLED TRANSMITTER/ 
RECEIVER 27Mhz. Range up to 500 metres. Double coded modulation. 
Receiver output operates relay with 2amp/240 volt contacts. Ideal for 
many applications. Receiver 90 x 70 x 22mm (9/12 vol). Price: 
£17.82 Transmitter 80 x 50 x 15mm (9/12 voit). Price: £11.29 
P&P + 75p each. S.A.E. for complete list. 









3 watt FM 
Transmitter 


|) POSTAL CHARGES PER ORDER £1.00 minimum. OFFICIAL 
VISA ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT 
————__ | BODIES, ETC. PRICES INCLUSIVE OF V.A.T. SALES COUNTER 
——-~’ VISA/ACCESS/C.0.D. ACCEPTED. 








MODULES 


* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY 
SERVICE * LARGE S.A.E. 28p STAMP FOR RRENT L 


BURGLAR ALARM IDEAL for Work- 


Better to be ‘Alarmed’ then terrified. shops, Factories, 
Thandar’s famous ‘Minder’ Burglar Alarm System. Offices, Home, 
Superior microwave principle. Supplied as three units, etc. Su lied 
complete with interconnection cable. FULLY ; PP 
GUARANTEED. ready built. 
Control Unit — Houses microwave radar unit, range 
up to 15 metres adjustable by sensitivity control. 
Three position, key operated facia switch — off — test! | 
— armed. 30 second exit and entry delay. 

Indoor alarm — Electronic swept freq. siren. 
104dB output. 

Outdoor Alarm — Electronic swept freq. siren. 98dB | 
output. Housed in a tamper-proof heavy duty metal 3 
case. 

Both the control unit and outdoor alarm contain re- 
chargeable batteries which provide full protection 
during mains failure. Power requirement 200/260 Volt 
AC 50/60Hz. Expandable with door sensors, panic 
buttons etc. Complete with instructions 


SAVE £138.00 Usual Price £228.85 
BKE’s PRICE £89.99 + £4.00 P|@P 


? Why buy a collection of self-assembly boards! 


OMP LINNET LOUDSPEAKERS 


The very best in quality and value. Made speciaily to suit todays 
need for compactness with high sound output levels. Finished in 
hard wearing black vynide with protective corners, grille and carry 
handle. All models 8 ohms. Full range 45Hz - 2OKHz. Size 20” 
15" X 12”. Watts R.M.S. per cabinet. Sensitivity 1W. 1mtr. dB. 


OMP 12-100 Watts 100dB. Price £149.99 
per pair. 


OMP 12-200 Watts 102dB. Price £199.99 
per pair. Delivery: Securicor £8.00 per pair 
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1 K-WATT 
SLIDE DIMMER 


* Control loads up 
to 1Kw 

‘* Compact Size 
4y," X 1" * 2" 

* Easy snap in fix- 
ing through panel/ 
cabinet cut out 

* Insulated plastic 
case 

* Full wave con- 
trol using 8 amp 
triac 

* Conforms to 





































Professional 19” cased Mos-Fet stereo 
amps. Used the World over in clubs, pubs, 
discos etc. With twin Vu meters, twin 
toroidal power supplies, XLR connections. 
MF600 Fan cooled. Three models (Ratings 
R.M.S. into 4ohms). Input Sensitivity 775mV 

MF200 (100 + 100)W. £169.00 Securicor 
MF400 (200 + 200)W. £228.85 Delivery 
MF600 (300 + 300)W. £274.85 £10.00 














BS800 

* Suitable for both resist- 
ance and inductive loads. In- 
numerable applications in 
























industry, the home, and 
disco’s, theatres etc. 


PRICE £13.99 + 75p P&P 











BSR P295 ELECTRONIC TURNTABLE 


* Electronic speed control 45 & 331; r.p.m. * Plus/ 
Minus variable pitch control * Belt driven * Alu- 
minium platter with strobed rim * Cue lever * Anti- 
skate (bias device) * Adjustable counter balance * 
Manual arm * Standard ',” cartrige fixings * 
Supplied complete with cut out template * D.C. 
Operation 9-14v D.C. 65mA 

Price £36.99 — £3.00 P&P. 












Loe ae 





ADC Q4 mag. cartridge for above. Price £4.99 ea. 






PIEZO ELECTRIC TWEETERS MOTOROLA 
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an 
improved transient response with a lower distortion level than ordinary dynamic tweeters. As a 
crossover is not required these units can be added to existing speaker systems of up to 100 watts 
(more if 2 put in series). FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH TWEETER. 


TYPE ‘A’ (KSN2036A) 3” round with protective wire 
mesh, ideal for bookshelf and medium sized Hi-fi 
speakers. Price £4.90 each + 40p P&P. 

TYPE ‘B’ (KSN1005A) 37,” super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£5.99 each + 40p P&P. 

TYPE ‘C’' (KSN6016A) 2” x 5” wide dispersion 
horn. For quality Hi-fi systems and quality discos etc. 
Price £6.99 each + 40p P&P. 

TYPE ‘D’ (KSN1025A) 2” x 6” wide dispersion 
horn. Upper frequency response retained extending 
down to mid range (2KHz). Suitable for high quality 
Hi-fi systems and quality discos. Price £9.99 each 
+ 40p P&P. 

TYPE ‘E’ (KSN1038A) 3%,” horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi monitor 
systems etc. Price £5.99 each + 40p P&P. 

LEVEL CONTROL Combines on a recessed mount- 
ing plate, level control and cabinet input jack socket. 
85 x 85 mm. Price £3.99 + 40p P&P. 

































STEREO DISCO MIXER 


STEREO DISCO MIXER with 2 X 5 band L. & 
R. graphic equalisers and twin 10 segment 
L.E.D. Vu Meters. Many outstanding features 
5 Inputs with individual faders providing a 
useful combination of the following:— 
3 Turntables (Mag), 3 Mics, 4 Line plus Mic 
with talk over switch. Headphone Monitor. 
Pan Pot. L. & R. Master Output controls. Out- 
put 775mV. Size 360 X 280 X 90mm. 

Price £134.99 — £3.00 P&P 


B. K. ELECTRONIGS...... 


UNIT 5, COMET WAY, SOUTHEND-ON-SEA, 
ESSEX. SS2 6TR TEL: 0702-527572 
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Pick up a copy of our new 1986 catalogue from any branch of 
W.H. Smith for just £1.45. 

Or post this coupon now, to receive your copy by post for just 
| £1.45 + 40p p &p. If you live outside the U.K. send £2.50 or 
11 International Reply Coupons. | enclose £1.85. 
| 






MAPLIN ELECTRONIC SUPPLIES LTD. 
Mail Order: P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone: Southend (0702) 552911 


SHOPS 

@ BIRMINGHAM Lynton Square, Perry Barr, Tel: 021-356 7292. 

@ LONDON 159-161 King Street, Hammersmith, W6. 
Telephone: 01-748 0926. 

@ MANCHESTER 8 Oxford Road, Tel: 061-236 0281. 


@ SOUTHAMPTON 46-48 Bevois Valley Road, Tel: 0703 225831. 


@ SOUTHEND 282-284 London Rd, Westcliff-on-Sea, Essex. 
Telephone: 0702-554000 
Shops closed all day Monday. 






















